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1
METHOD FOR FORMING IMAGES

BACKGROUND OF THE INVENTION

The present mvention relates to a method for forming
images uselul for a negative working image-forming mate-
rial which can directly be formed into a printing plate by
scanning a visible laser beam based on digital signals
outputted from, for instance, a computer or which can be
subjected to the so-called direct plate-making operation.

As a material for preparing lithographic printing plates,
there has conventionally and widely been used a PS plate
having such a structure that a lipophilic light-sensitive resin
layer 1s formed on a hydrophilic substrate and a desired
printing plate has currently been prepared from such a PS
plate by a plate-making method which comprises the steps
of subjecting the PS plate to a mask-exposure through a lith
film and then removing the non-image area of the light
sensitive layer on the exposed PS plate through dissolution.

Recently, there have widely been used digitization tech-
niques in which 1image imnformation 1s electronically treated,
accumulated and outputted by the action of a computer and
a variety of corresponding new i1mage-outputting systems
have been put to practical use. Consequently, 1t has been an
important technical subject to develop a CTP technique for
directly preparing a printing plate by scanning light rays
having highly directional properties such as a laser beam 1n
accordance with the digitized 1mage information without
using any lith film and to likewise develop an original plate
for preparing a printing plate (printing plate precursor or PS
plate for preparing a printing plate) suitably used for the
CTP technique.

As such light sources, there have been adopted an Ar laser
(488 nm), an FD-YAG laser (532 nm) and an InGaN type
semiconductor laser (violet laser; 350 to 450 nm) and there
has already been developed and put to practical use an
original plate for preparing a lithographic printing plate,
which comprises a highly sensitive photopolymerizable
light-sensitive layer quite susceptible to light rays from such
a light source and capable of ensuring a considerable pro-
ductivity.

Most of the sensitivity-improving techniques relate to
photopolymernization initiator systems and examples of such
initiator systems highly sensitive to, for instance, Ar lasers
and FD-YAG lasers include combinations of titanocene with
coumarin dyes (Patent Article 1: Japanese Un-Examined
Patent Publication He1 9-268185; Patent Article 2: Japanese
Un-Examined Patent Publication Hei1 6-192309; Patent
Article 3: Japanese Un-Examined Patent Publication Hei
10-204085), combinations of styryl dyes with titanocene
(Patent Article 4: Japanese Un-Examined Patent Publication
He1 9-80730) and combinations of dyes having acidic
S-membered heterocyclic nucler with titanocene (Patent
Article 5: Japanese Un-Examined Patent Publication Hei
10-101719).

In addition, as photopolymerization initiator systems
highly sensitive to light rays emitted from violet lasers, there
have been known, for instance, combinations of naphtho-
furanone type dyes with titanocene (Patent Article 6: Japa-
nese Un-Examined Patent Publication He1 2000-206690)
and combinations of carbazolyl-styryl type dyes with

titanocene (Patent Article 7: Japanese Un-Examined Patent
Publication He1 2001-42524).

On the other hand, the PS plate should have a high
solubility difference (discrimination) between the exposed
and un-exposed areas on the light-sensitive layer thereof as
a developing characteristic property in order to provide a
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lithographic printing plate stably showing the desired tunc-
tions thereof. It has been known that this problem may be

solved to some extent by the addition of a specific surfactant
to a developer (Patent Article 8: Japanese Un-Examined
Patent Publication Hei1 2003-43°703), but 1t would further be
important to reduce any damage of image areas and to
steadily maintain the stable activity of a developer used, for
the further improvement of the quality of the resulting
printing plate.

In this respect, there has been reported the use of a
strongly alkaline aqueous solution having a pH value of
higher than 12.5 and comprising, for instance, potassium
silicate for the development of a negative-working 1mage-
forming material which makes use of a photopolymerizable
composition (Patent Article 9: Japanese Un-Examined
Patent Publication He1 8-108621), but the use of a developer
having such a high pH value suflers from problems such that
the developer may considerably damage image areas and the
resulting printing plate has msuthcient printing durabaility.
Moreover, 1f such a developing treatment 1s continued over
a long period of time, the developer may undergo a change
in 1ts ability of absorbing carbon dioxide due to environ-
mental changes such as a change in the environmental
carbon dioxide concentration and the developer correspond-
ingly causes a change in the activity thereof. As a result,
various problems arise such that the quality of the plate-
making material 1s quite susceptible to such changes and that
components of the plate-making material are accumulated 1n
a developing tank and that the accumulation thereof leads to,
for instance, the clogging of piping.

Over against it, there has been proposed a method for
developing a layer of a light-sensitive resin composition
formed on the surface of a glass surface with, for instance,
a mixed aqueous solution containing sodium carbonate and
sodium hydrogen carbonate, having a pH value of about 10
in order to inhibit any reduction of the developing ability of
the developer with the elapse of time and due to the repeated

use of the same (Patent Article 10: Japanese Un-Examined
Patent Publication He1 5-8837°/7; Patent Article 11: Japanese

Un-Examined Patent Publication He1 11-65126).

When the inventors of this invention applied these devel-
opers to an orniginal plate (PS plate) for preparing a litho-
graphic printing plate which comprises an aluminum sub-
strate provided thercon with a light-sensitive layer
containing a photopolymerizable light-sensitive resin com-
position, however, it was found that the developers did not
have any satisfactory ability to develop non-image areas of
such a light-sensitive layer. Moreover, there has also been
reported an alkaline developer to which an alkyl phenolic
surfactant 1s added for the solution of a problem concerning
the ability of developing a photoresist comprising a pigment
dispersed therein (Patent Article 12: Japanese Un-Examined
Patent Publication Hei1 10-2398358), but there has not yet
been developed any developer which can satisiy the both
requirements for the developing ability and the ability to
produce a printing plate having suflicient durabaility.

SUMMARY OF THE INVENTION

Accordingly 1t 1s an object of the present invention to
provide a method for forming images which permits the
formation of 1mages excellent 1n the printing durability and
resistance to contamination, which hardly causes any reduc-
tion, with time, of the developing ability originated from the
characteristics of the developer used, and which can stably
conduct the plate-making process over a long period of time.
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The mventors of this mnvention have found that a nega-
tive-working image-forming material comprising an image-
recording layer which comprises a photo-polymerization
initiator system sensitive to light rays whose wavelength
talls within the visible to ultraviolet ranges, a polymerizable
compound carrying at least one ethylenically unsaturated
group and a binder polymer can be 1imagewise exposed to
light and then developed with a developer comprising a
carbonate and hydrogen carbonate additionally comprising
an alkali silicate 1n a specific ratio to thus provide a PS plate
with a wide pH latitude and to thus ensure the achievement
ol satisfactory developing ability and resistance to contami-
nation. Also, the mventors found that the presence of silicate
in the developer suppresses elution of aluminum from a
substrate. As a result, the inventors have accomplished the
foregoing object and thus have completed the present inven-
tion.

According to the present invention, there 1s thus provided
a method for forming images comprising the steps of
Imagewise exposing a negative-working image-forming
material which comprises a substrate provided thereon with
an 1mage-recording layer comprising a photopolymerization
initiator system sensitive to light rays whose wavelength
talls within the visible to ultraviolet ranges, a polymerizable
compound carrying at least one ethylenically unsaturated
group and a binder polymer and then developing the 1mage-
wise exposed i1mage-forming material with a developer

which contains at least one carbonate, at least one hydrogen
carbonate and at least one alkali silicate and which has a pH
value ranging from 9 to 13.0, wherein the ratio of the total
molar number a of the carbonate and the hydrogen carbonate
to the molar number b of the S10, component present 1n the
alkal1 silicate: a/b ranges from 1:0.3 to 1:2 and the total

molar number of these components: a+b ranges from 0.1 to
2 mole/L.

It has been found that the use of the developer described
above 1n the development of an 1magewise exposed photo-
polymerizable 1mage-forming material would permit the
achievement of an excellent developing ability even at a
relatively low pH condition wherein the developer 1s less
susceptible to carbon dioxide, and of an improvement of the
printing durability of the resulting printing plate due to the
reduction of a rate of damaged images. In addition, 1t has
been found that the developer reduces the vaniation of the
performance of PS plate when the pH of the developer
varies. Therefore, the present mvention provides a stable
processing method even when an image-forming material
having a narrow latitude (small discrimination) in the devel-
opment 1s utilized.

The 1mage-forming method according to the present
invention permits the achievement of a suflicient developing
ability even at a low pH region in which the image-forming
material 1s not damaged too much and therefore, 1t permits
the simultaneous achievement of the printing durability and
the developing ability. Moreover, the image-forming method
according to the present invention provides an image having
a good durability with resistance to contamination. Addi-
tionally, the method according to the present invention
hardly causes reduction, with time, of the developing ability
attributable to the characteristics of the developer used to
thus provide a method which permits a stable processing of
an 1mage over a long period of time.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram illustrating an
example of a DRM nterference fringe-measuring device for
the determination of the dissolution behavior of an 1mage-
recording layer.

FIG. 2 1s a schematic block diagram illustrating an
example of a method for determining the electrostatic capac-
ity used for the evaluation of the ability of a developer
penetrating into an 1mage-recording layer.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

The 1image-forming method of the present invention waill
be described below 1n more detail. The developer used in the
image-forming method of the ivention will first be
explained below.

[Developer]

(Carbonate and Hydrogen Carbonate)

The developer of the invention comprises at least one
carbonate, at least one hydrogen carbonate and at least one
alkal1 metal silicate at a rate specified below; and has a pH
value ranging from 9.0 to 13.0. Further, the pH value
preferably ranges from 9.0 to 12.5. In this respect, the pH
value 1s determined at ordinary temperature (about 25° C.).

The foregoing at least one carbonate and at least one
hydrogen carbonate serve as alkaline agents 1n the devel-
oper. The carbonate may be at least one compound selected
from carbonates ol inorganic alkalis. Specific examples
thereol are sodium carbonate, potasstum carbonate and
ammonium carbonate. The hydrogen carbonate may be, for
instance, at least one compound selected from hydrogen
carbonates of inorganic alkalis. Specific examples thereof
are sodium hydrogen carbonate, potassium hydrogen car-
bonate and ammonium hydrogen carbonate. It 1s preferred
that the amounts of the carbonate and the hydrogen carbon-
ate 1n the developer be adjusted to the range of from 0.005
to 1 mole/LL and 0.001 to 1 mole/L respectively, since the
desired pH buflering eflect can be obtained within the pH
range ol from 8.5 to 11.0 and the amount of carbon dioxide
absorbed by the developer can be reduced.

(Alkal1 Silicates)

The developer of the invention further comprises at least
one alkali metal silicate 1n addition to the foregoing carbon-
ate and hydrogen carbonate.

The alkal1 silicate used 1n the invention 1s a substance
showing alkaline properties when 1t 1s dissolved 1n water and
examples thereol are sodium silicate, potassium silicate,
lithium silicate and ammonium silicate. These alkali metal
silicates may be used alone or 1n any combination of at least
two of them.

The properties of the developer of the invention can easily
be controlled to optimum ranges by appropnately adjusting
the mixing ratio of the silicon oxide S10, as the component
of the silicate as the component for the hydrophilization of
a substrate to the alkali oxide M,O (M represents an alkali
metal or ammonium group) as the alkali component and the
concentrations thereol. In the developer, the mixing ratio of
silicon oxide S10, to alkali oxide M,O (molar ratio: 10,/
M,0) ranges from 0.75 to 4.0 and preterably 0.75 to 3.5.

If the ratio: S10,/M,0O 1s less than 0.75, the alkalinity of

the resulting developer 1s too high, the anodized layer of the
aluminum substrate as a substrate for a lithographic printing
plate precursor 1s excessively dissolved (or etched), the
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developer causes staining of a precursor upon allowing it to
stand and 1nsoluble scum may be formed due to the forma-
tion of a complex between dissolved aluminum and silicic
acid. On the other hand, 1 the ratio exceeds 4.0 or even 3.0,
various problems arise such that the developing ability of the
resulting developer may be reduced and that insoluble scum
may be formed through condensation of silicates.

The concentration of the alkali silicate 1n the developer
preferably ranges from 0.01 to 1 mole/L and more preferably
0.05 to 0.8 mole/L as expressed 1n terms of the amount of
S10_ on the basis of the total mass of the alkaline aqueous
solution. It the concentration i1s less than 0.01 mole/L, the
resulting developer never shows the desired effect of inhib-
iting the dissolution (or etching) of the anodized layer on the
aluminum substrate cannot be obtained and the developing
properties and development processing ability thereof are
sometimes deteriorated, while 1f 1t exceeds 1 mole/L, the
resulting developer 1s quite susceptible to the generation of
precipitates and/or crystals and it easily undergoes gelation
when 1t 1s neutralized for abandonment and this in turn
becomes a cause of various troubles encountered in the
waste disposal.

In this respect, the inventors have found that any variation
in the quality of the plate material encountered when the pH
value of the developer undergoes a change can be reduced
by the addition of an alkali silicate to the developer 1n such
a manner that the ratio “a/b” of the total molar concentration
“a” to the molar concentration “b” of the S10, component 1n
the alkali metal silicate falls within the range of from 1:0.3
to 1:2 and that the total molar concentration of “a” and “b”:
“a+b” ranges from 0.1 to 2 mole/L. For this reason, the
developer of the invention would ensure a stable processing
ability even in the treatment of an 1image-forming material
having a low quality latitude during development (or low
discrimination). The ratio “a/b” preferably ranges from 1:0.5
to 1:1.5 and the total molar concentration “a+b” preferably
ranges from 0.2 to 1.5 mole/L.

The developer may be one prepared by dissolving all of
the components in a single solution or by admixing separate
aqueous solutions of these components, for instance, three
separate aqueous solutions containing a carbonate, a hydro-
gen carbonate and a silicate respectively.

The developer may further comprise, as an alkaline agent,
an 1norganic alkaline agent such as sodium tertiary phos-
phate, potassium tertiary phosphate, ammomum tertiary
phosphate, sodium borate, potassium borate, ammonium
borate, sodium hydroxide, potassium hydroxide, ammonium
hydroxide or lithium hydroxide; and an organic alkaline
agent such as mono-methylamine, di-methylamine, tri-me-
thylamine, mono-ethylamine, di-ethylamine, tri-ethylamine,
mono-isopropylamine, di-isopropyl-amine, tri-isopropy-
lamine, n-butylamine, mono-ethanolamine, di-ethanol
amine, tri-ethanolamine, mono-isopropanolamine, di-1so-
propanolamine, ethylene-imine, ethylene-diamine, pyridine
or tetramethyl ammonium hydroxide. These alkaline agents
may be used alone or in any combination of at least two of
them.

(Anmionic Surfactant)

Examples of anionic surfactants usable in the present
invention 1nclude compounds comprising at least one
anionic group 1n 1ts molecule. Examples of anionic group
include carboxylate anion or carbonate amion, sulfonate
anion, sulfinate anion, sulfate anion, sulfite anion, phosphate
anion, phosphite anion, phosphonate anion, phosphinate
anion, and preferably sulfonate anion or sulfate anion. More
specifically, anionic surfactants include compounds having
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6

at least one sulfonate anion or sulfate anion, and preferably,
a compound comprising an anion of sulfonic acid or an
anion of sulfonic acid mono ester and at least one optionally
substituted aromatic group.

Preferably, the compounds comprising at least one anion
of sulfonic acid or anion of sulfonic acid mono ester are

compounds represented by the following general formula (I)
or (II).

RS0 M” (I);

R,—O—S0O,"M* (11)
wherein, R, ,, R,, each represents an optionally substituted
alkyl group, an optionally substituted cycloalkyl group, an
optionally substituted alkenyl group, and an optionally sub-

stituted aryl group, and M represents a monovalent alkali
metal.

The *““alkyl group” includes an alkyl group having 1 to 20
carbon atoms and more specifically, includes methyl, ethyl,
propyl, n-butyl, sec-butyl, hexyl, 2-ethylhexyl, octyl, decyl,
dodecyl, hexadecyl, stearyl groups.

r

T'he “cycloalkyl group” may be monocyclic or multicyclic
group. Examples ol monocyclic group include a group
having 3 to 8 carbon atoms and more specifically, include
cyclopropyl, cyclopentyl, cyclohexyl and cyclooctyl group.
Examples of multicyclic group include adamantyl, nor-
bornyl, 1sobornyl, camphanyl, dicyclopentyl, a-pinel and
tricyclodecanyl groups.

Examples of alkenyl group include an alkenyl group
comprising 2 to 20 carbon atoms and more specifically,
include vinyl, allyl, butenyl, and cyclohexenyl.

Examples of aralkyl group include an aralkyl group
comprising 7 to 12 carbon atoms and more specifically,
include benzyl, phenethyl, naphthylmethyl group.

Examples of aryl group include an aryl group having 6 to
15 carbon atoms and more specifically, include phenyl, tolyl,
dimethylphenyl, 2.4,6-trimethylphenyl, naphthyl, anthryl,
9,10-dimethoxyanthryl group.

Examples of substituents 1n the groups described above
include a monovalent group of non-metallic atoms except
hydrogen atom. Preferred examples thereof include halogen
atoms (F, Br, Cl, 1), hydroxyl, alkoxy, aryloxy, acyl, amide,
ester, acyloxy, carboxy, carboxylate anion, or sulfonate
anion.

Specific examples of alkoxy group described above
include an alkoxy group comprising 1 to 40 carbon atoms,
preferably 1 to 20 carbon atoms such as methoxy, ethoxy,
propyloxy, 1sopropyloxy, butyloxy, pentyloxy, hexyloxy,
dodecyloxy, stearyloxy, methoxyethoxy, poly(ethyleneoxy),
and poly(propyleneoxy) groups. Examples of aryloxy group
include a group comprising 6 to 18 carbon atoms such as
phenoxy, tolyloxy, xylyloxy, mesityloxy, cumenyloxy, meth-
oxyphenyloxy, ethoxyphenyloxy, chlorophenyloxy, bro-
mophenyloxy, and naphthyloxy groups. Examples of acyl
group include a group comprising 2 to 24 carbon atoms such
as acetyl, propanoyl, butanoyl, benzoyl, and naphthoyl
groups. Examples of amide group include a group compris-
ing 2 to 24 carbon atoms such as acetamide, propionamide,
dodecanoc acid amide, palmitic acid amide, stearic acid
amide, benzoylamide, and naphthoic acid amide groups.
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Examples of acyloxy group include a group having 2 to 20

carbon atoms such as acetoxy, propanoyloxy, benzoyloxy,
and naphthoyloxy groups. Examples of ester group include
a group having 1 to 24 carbon atoms such as methyl ester,

cthyl ester, propyl ester, hexyl ester, octyl ester, dodecyl
ester and stearyl ester group. The substituents may be a
combination of two or more groups described above.

Examples of alkali metal for “M” preferably include
sodium, potassium and lithium.

In addition, among the compounds of general formula (I)

and (II), the compounds represented by (I-A) and (I-B) are
preferred 1n the light of the eflect of the present invention.

(I-A)

7

N

(Rq)p Y —OR:0)m—S0;" M"

CgH{7—SO; Na*
C14H,o—SO;~ Na'

CgH;-—O—CH,CH,—S0; Na*
CpHys—O—(CHy)y—SO5 Na*

Cl 1H23 —_— ) NH_CH2CH2 _ 803- NEL+

Ci7H3z35— CO—NH—CH,CH,—507" Na*

CH;

C(7H33—CO—N——CH,CH,——S0;" Na*

10

15

(I-1)

(I-3)

(I-5)

(I-7)

(I-9)

(I-11)

(I-13)

(I-15)

(I-18)

t - +
C4H9 \ / O (CH2)4 - 803 Na
/CSHJ X
tC5H1 1 \ > O (CHs)g—507" Na™
/C4H9’f
tC4H9 \ O (CH,CH,O)3—(CHy)4 —— 003" Na"

\ 7/

8

-continued
(I-B)
= AN
(Ry)g—— —Y,—OR;O0n—S0; M~
\ /

wherein, R;, R; each represents a linear or branched alky-
lene group having 1 to 5 carbon atoms; R,, R, each repre-
sents a linear or branched alkyl group having 1 to 20 carbon
atoms; p, q each represents O to 2; Y,, Y, each represents a
bond or an alkylene group having 1 to 10 carbon atoms; M
represents a monovalent alkali metal; n, m each represents
an mteger of 0 to 100, provided that 11 n and m are not less

than 2, R; or R; may be selected from at least two kinds of
groups.

Examples of the compounds represented by the general
formula (I) and (II) are shown below, but the present
invention 1s not limited thereto.

(1-2)
CsHss——S0; Na”
(1-4)
C,¢H33——S0;” Na*

(1-6)

C,H,s— O0—CH,CH,—S0;" Na’
(I-8)
CigH33—O0—(CH,)y—S0O;~ Na’
(I-10)
C,;H33—CO—NH—CH,CH,—S0; Na"
(I-12)
C7H3;3— CO— NH—(CH,),——SO; Na’
(I-14)

CioHos

CH;— CO—N——CH,CH,—S0;" Na"

(I-16)

C,H!

tC4Hg 0 (CH2)4 — 803_ Nﬂ+

(I-17)

(I-19)

C12H254<\_/>7 O— 803_ NEL+
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-continued
(1-20) 1-21)
- z AN 'C3H; C3H!
'CaH7~0_ d o e {}\f '\/‘ﬁ
N S : N ‘ ;"“803' Na™
(1-22) (1-23)
iC3Hj C3Hji tC4H9
\-"’ "“-/ .-"\f =
E ‘ j‘*so- Na* ‘ T~S0; Nat
7\ / 3 N yZ
'C;H
(I-24) (1-25)
'C4Hg C4Hy' 'CsH
&\4\/“\*/%‘ NN X
\/‘ \/““*803- Nat S ‘Jsog- Nat
(1-26) (1-27)
tCSHlj’ tClZHZS
ff\‘/\ A‘f ‘ X
S0y Nat _~SO5” Na'
AN \/ P AN F P
(I-28) (I-29)
thHlj\ /Cngjrt OCH3
N A
= X
S ‘ ;“"803' Na™ CreHa3~_ RN
N > 30
(1-30) 1-31)
O——(CH,);——S0;” Na* O——(CH,)y——S0;" Na*
F N F AN
G ;C16H33 X ;C18H33
OCH (1-32) (1-33)
3
/ ‘ CO—NH Ci6Hz3 C11H23_CO_NH4<\ />7803_ Na™
AN
SO3” Na™®
(1-34) (1-35)

3 NEL+

_/SO
C1¢H35—C0—NH—<\ >
\SO

(I-36) (1-37)
O—CO— C12H25

)\ / /\/O—CO—C12H25
AN

‘ Na  0,S N \/\

A \K
S

Oz Na'

3_ NEL+

803_ Na™
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-continued

O—CO—C7H;3;5

Na™

CH—O—(CH,)4,—S03 Na"

CH—O—(CH,)4,—S0O3~ Na©

CH3 \ / O C H2

C4,Hy——0O——CH,

\C
'C,H 4<_>—O—CH/
459 \ / 2

CeH{-——O0——CH,

H—O—(CH)4—5S035" Na"

CH—O—(CH,),—S03" Na"

CgH;7——0O——CH,

CH, —COO——C4Hy!

Na 0;S—CH——CO0——C,H,'

CHZ_COO_CSH”

+NEl _O3S_CH_COO_C3HH

C14H29CH _COOCH3

(1-43)
CH2 - COO _Cﬁng

"Na _O3S_CH_COO_C6H13

(1-45)
C,Hs

CH, — COO——CH,CHC4H,
Na 0;S—CH—— COO——CH,CHC4H,
C,Hs

(1-47) |
CH2 — COO— C4H91

SOy Na' HO—C COO——C Hy!
Na 0;S—CH—COO——C4Hy'!
CHj CH; THz CH;
H3C—CH—CHz—C—CEC—(‘j—CHz—CH—CHg

HO—CH,—CH,—0),

CH;

H;C—CH—CH,—— C—C=C—C

"Na “038S—(CH,)y—O—CH,—CH,—0),

CeH 5 O SOz~ Na©

CppHys——O0——503" Na©

O——CH,—CH> O (CHy)4—S03" Na*

CH; CHj CH;

CH,—— CH——CH;

O—¢CH,——CH,— 05— (CHy);——S0;™ Na'
(II-1)

CioHazj O——S03" Na"
(1I-3)

CigHz33——0——503" Na"

(1-38)

(1-39)

(1-40)

(1-41)

(1-42)

(1-44)

(1-46)

(1-48)

(1-49)

(1-50)

(11-2)

(11-4)
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-continued

1I-5
O Hs (1I-5)

CqHoCHCYH,CHCH,CH(CHj3),

O—=SO05; Na*

C,H,!
t
C4H9—<\_/§70—(CH2CH20)3—803 Na*

Na "038S— 00— (CH,CH,0),——S03” Na"

(11-7)

(11-9)

(II-11)
CHQ_COO_CSHH

Na 08— O0——CH,CH,—— NH—CH——CO0—CgH/~
(11-13)

XX
——— O(CH,CH,0)4S0;Na

ra
(I-15)

X

_O(CHZCHZO) 10803N{i

/

(I-17)
CHo

A

SN
U/\ O(CH,CH,0),S0;Na
NS

R

‘ —— O(CH,CH,0),S0;Na

N

N

H;C—r+—  ——O(CH,CH,0),SO;Na

N

(11-19)

(11-21)

In the above examples, x and y represent the numbers of
repeating units or ethyleneoxy chains and propylencoxy
chains, respectively and they are integers each ranging from
1 to 20 (average values).

The content of the compounds represented by the general
tormula (I) or (II) 1n the developer of the invention suitably
ranges from 1 to 10% by weight and preferably 2 to 10% by
welght as expressed 1n terms of the content of the effective
component.

50

55

In this respect, 11 the added amount of the compound is too
small, the resulting developer has a reduced developing
ability and a low ability of solubilizing the components of
the light-sensitive layer, while 1t 1t 1s too large, the resulting ¢
developer would reduce the printing durability of the print-
ing plate ultimately prepared.

The compounds represented by general formula (I) and
(II) are commercially available. Examples of the commer-
cially available products are those manufactured by Asahi 65
Denka Co. Ltd., Kao Corporation, Sanyo Chemical Indus-
tries Ltd., New Japan Chemical Co. Ltd., Daiich1 Kogyo

11-6
O, H- (11-6)

C4HCHC>H,CHC,HL,CH(C,Hs )

O—SO0; Na*
(I1-8)
Can

‘C<H, \ } O— (CH,CH,0);

CH;

*Na "038—0—(CH,CHO),——S0;" Na*

SO3” Na'

(11-10)

(11-12)

CITHSS —CO— NH_CH2CH2_O_803_ N{i+

(11-14)

XN X
—— O(CH>CH,0),S03Na
NP
(11-16)
X
—— O(CH,CH,0)sS0;Na
s
(11-18)
C4Ho
R X
‘ ——O(CH,CH,0),SO;Na
N

(11-20)

)

‘ O(CHzCHzo)mSOgNH
/

(11-22)

N

——  ——O(CH,CH,0)4S0;Na

N

®
o
9

Seiyaku Co. Ltd., Takemoto O1l and Fats Co. Ltd., Toho
Chemical Industry Co. Ltd., and NOF Corporation.

(Nonionic Aromatic FEther Type Surfactant)

The nonionic, aromatic ether type surfactant included 1n
the developer usable in the method of the mvention 1s one
represented by the following general formula (1):

X—Y—O(A) —(B) —H (1)

wherein, X represents a substituted or unsubstituted aro-
matic group, Y represents a single bond or an alkylene group
having 1 to 10 carbon atoms, A and B may be the same or
different from one another and represent either
—CH,CH,O— or —CH,CH(CH,)O—, and each of n and
m represents O or an iteger ranging from 1 to 100, provided
that n and m do not simultaneously represent 0 and that 1t
either n or m represents 0, n and m are not 1.

Examples of the compounds represented by the foregoing,
formula are those represented by Formula (1) wherein the
aromatic group: X represents a phenyl, naphthyl or anthra-
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nyl group. These aromatic groups may have a substituent.
Examples of such substituents for the aromatic groups are
organic groups having 1 to 100 carbon atoms. Specific
examples of such organic groups are all of the organic
groups listed below in connection with the compounds

represented by the following general formulas (1-A) and
(1-B). In Formula (1), when the both A and B are present, the

surfactant may be a random or block copolymer.

Specific examples of the compounds represented by For-
mula (1) include those represented by the following general

formulas (1-A) and (1-B):

(1-A)

—— Y, —O0— (CH,CH,0)r— (CH,CH(CH;3)0)s—H

(1-B)

| Ny ™
g(Ra) —Y,—0— (CH,CH,0)» — (CH,CH(CH;3)O)s'—H
Ny

wherein, each of R, and R, represents a hydrogen atom or an
organic group having 1 to 100 carbon atoms; each of p and
q represents 1 or 2; each of Y, and Y, represents a single
bond or an alkylene group having 1 to 10 carbon atoms; each
of r and s represents O or an integer ranging from 1 to 100,
provided that r and s do not simultaneously represent 0 and
that if either r or s represents O, r and s are not 1; and each
of ' and s' represents O or an integer falling within the range
of from 1 to 100, provided that r' and s' do not simulta-
neously represent 0 and that if either r' or s' represents O, 1
and s' are not 1.

In this respect, however, it p represents 2 and R, repre-
sents an organic group having 1 to 100 carbon atoms, the
group R, may be the same or different or these groups R,
may form a ring together. Moreover, 1 q represents 2 and R,
represents an organic group having 1 to 100 carbon atoms,
the group R, may be the same or different or these groups R,
may form a ring together.

Specific examples of the foregoing organic groups each
having 1 to 100 carbon atoms include saturated or unsatur-
ated, linear or branched aliphatic hydrocarbon groups and
aromatic hydrocarbon groups such as alkyl, alkenyl, alky-
nyl, aryl and aralkyl groups; and other organic groups such
as alkoxy, aryloxy, N-alkylamino, N,N-di-alkylamino,
N-arylamino, N,N-di-arylamino, N-alkyl-N-arylamino, acy-
loxy, carbamoyl-oxy, N-alkyl-carbamoyloxy, N-aryl-car-
bamoyloxy, N,N,-di-alkyl-carbamoyloxy, N,N-di-aryl-car-
bamoyloxy, N-alkyl-N-aryl-carbamoyloxy, acylamino,
N-alkyl-acylamino, N-aryl-acylamino, acyl, alkoxy-carbo-
nylamino, alkoxy-carbonyl, aryloxy-carbonyl, carbamoyl,
N-alkyl-carbamoyl, N,N-di-alkyl-carbamoyl, N-aryl-car-
bamoyl, N,N-di-aryl-carbamoyl, N-alkyl-N-aryl-carbamoy],
polyoxyalkylene chains, and the organic groups listed above
to which a polyoxyalkylene chain 1s bonded. The foregoing,
alkyl groups may be either linear or branched ones.

Examples of preferred groups R, and R, include a hydro-
gen atom, linear or branched alkyl groups having 1 to 10
carbon atoms, alkoxy groups having 1 to 10 carbon atoms,
alkoxycarbonyl groups, N-alkylamino groups, N,N-di-alky-
lamino groups, N-alkyl-carbamoyl groups, acyloxy or acy-
lamino groups, polyvoxyalkylene chains comprising about 5
to 20 repeating units, aryl groups having 6 to 20 carbon
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atoms, and aryl groups each having a polyoxyalkylene chain
comprising about 5 to 20 repeating units bonded thereto.

In the compounds represented by the general formulas

(1-A) and (1-B), the number of repeating units present in
cach polyoxyethylene chain preferably ranges from 3 to 50
and more preferably 5 to 30. The number of repeating units
present 1n each polyoxypropylene chain preferably ranges
from O to 10 and more preferably O to 5. In this respect, these
polyoxyethylene and polyoxypropylene moieties may be
cither random or block copolymers.

Examples of the compounds represented by the general
formula (1-A) are polyoxyethylene phenyl ether, polyoxy-
cthylene methyl-phenyl ether, polyoxyethylene octyl-phenyl
cther, and polyoxyethylene nonyl-phenyl ether.

Examples of the compounds represented by the general
formula (1-B) include polyoxyethylene naphthyl ether, poly-
oxyethylene methyl-naphthyl ether, polyoxy-ethylene octyl-
naphthyl ether, and polyoxyethylene nonyl-naphthyl ether.

In the developer of the present ivention, the nonionic
aromatic ether type surfactant may be used alone or 1n any
combination of at least two of them.

The content of the nonionic aromatic ether type surfactant
in the developer suitably ranges from 1 to 20% by weight
and more preferably 2 to 10% by weight on the basis of the
total weight of the developer. In this connection, 11 the added
amount thereof 1s too small, the resulting developer has a
reduced developing ability and the reduction 1n the ability of
solubilizing the components of an 1mage-recording laver,
while 11 1t 15 too large, the resulting printing plate would have
a reduced printing durabaility.

Specific examples of nonionic aromatic ether type sur-
factants represented by the general formulas (1-A) and (1-B)
will be listed below:

A-W
Y-1
‘ \/\_ i /(,\/Oj;H
N
Y-2
N
Y-3
(] et
a4
Y-4
(I oty
S
Y-5 ‘ \/\j—o/{\/oﬁ\rorH
NP
Y-6 ‘/\/\_O/(\/O ISH
AN
(t)CqHo



Y-7

Y-8

Y-9

Y-10

Y-11

Y-12

Y-13

Y-14

Y-15

Y-16

Y-17

US 7,125,648 B2

17

-continued

A-W

R

‘ \/\_O/(\/Ojjl

NS
A

/(\/O H
O 15

Dy

NN
(CH3z),N
‘ X \_O/{/\/O.);H
SN

(n)CgH 3NHCO

X X
—o/f\/oj;H

(£)C4Ho

O

(0)C4Ho

</_\>70/f\/07§H

(t)CsqHg

(n)C4HoO
/ \ O/(\/ OZH
(,

(m)CeH13CO;

/N AN
o

(H)CﬁHBOCO

X

‘\/

/N AT
B

/N ANONT
s

s
F

O/f\/O);H
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-continued

A-W
Oj—H
10

Y-18
~~~%O/f\/
@‘]O/(\/OKH
Y-19 OM 1
@0/6\/ );
\: Q// O/f\/ OKH
Y-20
‘/\_O/{\/OZH
\/
v-21
CHz_O/(\/O mH
Y2 AN
\
X \/\CHECHECHz—OM Oj;H

In addition, the developer usable 1n the plate-making
method of the present invention may likewise comprise
other surfactants listed below 1n addition to the surfactants
described above.

Examples of other surfactants usable herein are nonionic
surfactants, for instance, polyoxyethylene alkyl ethers such
as polyoxyethylene lauryl ether, polyoxyethylene cetyl ether
and polyoxyethylene stearyl ether, polyoxyethylene alkyl
esters such as polyoxyethylene stearate, sorbitan alkyl esters
such as sorbitan mono-laurate, sorbitan mono-stearate, sor-
bitan di-stearate, sorbitan mono-oleate, sorbitan sesqui-ole-
ate, sorbitan tri-oleate, and mono-glyceride alkyl esters such
as glycerol mono-stearate and glycerol mono-oleate; anionic
surfactants, for instance, alkylbenzene sulfonic acid salts
such as sodium dodecyl-benzene sulfonate, alkyl-naphtha-
lene sulfonic acid salts such as sodium butyl-naphthalene
sulfonate, sodium pentyl-naphthalene sulifonate, sodium
hexyl-naphthalene sulfonate and sodium octyl-naphthalene
sulfonate, alkyl-sulturic acid salts such as sodium lauryl
sulfate, alkyl-sulfonic acid salts such as sodium dodecyl-
sulfonate, and sulfo-succinic acid ester salts such as sodium
di-lauryl sulifosuccinate; and amphoteric surfactants, for
instance, betaines such as lauryl betaine and stearyl betaine,
and amino acids, with anionic surfactants such as alkyl-
naphthalene sulfonic acid salts being particularly preferred.
These additional surfactants may be used alone or 1 any
combination. Moreover, the content of these surfactants in
the developer of the mnvention preferably ranges from 0.1 to
20% by weight as expressed 1n terms of the content of the
cllective component.

(Anti-foaming Agent)
The developer may likewise comprise an anti-foaming

agent which 1s characterized 1n that 1t comprises acetylene
alcohol and/or acetylene glycol. When adding such an
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anti-foaming agent to the developer, the amount thereof to
be added preterably ranges from 0.01 to 1% by weight on the
basis of the total mass of the developer.

The term “acetylene alcohol” herein used means an
unsaturated alcohol having an acetylene bond (triple bond)
in the molecule. In addition, the “acetylene glycol” 1s also
referred to as “alkylene diol” and this term herein used
means an unsaturated glycol having an acetylene bond
(triple bond) 1n the molecule.

More specifically, examples of these anti-foaming agents

include those represented by the following general formulas
(A) and (B):

(A)
CH,

CH:C_C_RIUU

OH

wherein, R, represents a linear or branched alkyl group
having 1 to 5 carbon atoms.

(B)

(‘3H3 CH,
R200 (‘3 C—C—C R300
H—C OHCHC5-0 OH—tCH,CH,0)+—H

wherein, R,,, and R, independently represent a linear or
branched alkyl group having 1 to 5 carbon atoms, respec-

tively and a+b represents a numerical value ranging from O
to 30.

Examples of the foregoing linear or branched alkyl groups
cach having 1 to 5 carbon atoms include methyl, ethyl,
1sopropyl, 1sobutyl and isopentyl groups.

Specific examples of acetylene alcohols and acetylene
glycols further include those listed below:

(1) Propargyl Alcohol: CH=C—CH,OH
(2) Propargyl Carbinol: CH=C—CH,—CH,OH
(3) 3,5-Di-methyl-1-hexyn-3-ol:

CHj

CH=—=C—C

OH

CHj

CH,— CH——CH;

(4) 3-Methyl-1-butyn-3-ol:

CH;

CH; C

OH

C——=CH
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(5) 3-Methyl-1-pentyn-3-ol:

CHa

HgC_CHz C

OH

C——=CH

(6) 1,4-Butyne-diol: HO—CH,—C=C—CH,—OH
(7) 2,5-Di-methyl-3-hexyne-2,5-diol:

CH; CH;

C=C—C—CH;

OH

CH, C

OH

(8) 3,6-Di1-methyl-4-octyne-3,6-d1ol:

CH, CH;

C—(C=—C—C—CH,—CH;

OH

CH3_ CH2

OH

(9) 2,4.,7.9,-Tetramethyl-5-decyne-4,7-diol:

CH, CH;, (‘3H3 CH,
H;C—CH—CH,——C——C=—=C c‘: CH,—CH—CH;
OH OH

(10) Ethylene oxide adduct of 2,4,7,9,-tetramethyl-3-de-
cyne-4,7-diol:

CHj, CH; CHj,

|

H;C—CH—CH,—(C—(C=—(C—C—CH,—CH—CH;

|

CHj,

O O
T

CH; CH>

; )
o +

H 3|

(m-+n=1to 30)

(11) 2,5,8,11-Tetra-methyl-6-dodecyne-5,8-diol:

CHj; CH;

CH; CH;

H;C —CH—CH,—CH,—(—(C=C—C—CH,—CH,—CH—CH;

OH OH

These acetylene alcohols and acetylene glycols may be
commercially available and examples of such commercially
available products are those available from Air Products and

Chemicals Inc. under the trade name of SAFINOL. Specific
examples thereof are SAFINOL 61 corresponding to the
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foregoing compound (3), ORPHYNE B corresponding to
the foregoing compound (4), ORPHYNE P corresponding to
the foregoing compound (5), ORPHYNE Y corresponding
to the foregoing compound (7), SAFINOL 81 corresponding,
to the foregoing compound (8), SAFINOL 104 and
ORPHYNE AK-02 corresponding to the foregoing com-
pound (9), SAFINOL 400 series corresponding to the fore-

going compounds (10), and SAFINOL DF-110 correspond-
ing to the foregoing compound (11).

(Chelating Agent)

A chelating agent may be added to the developer.
Examples of such chelating agents include polyphosphoric
acid salts such as Na,P,O,, Na.P,O,, Na,P,O,, Na,O,P
(NaO,P)PO;Na,, and Calgon (sodium polymetaphosphate);
amino-polycarboxylic acids and salts thereof such as ethyl-
enediamine-tetraacetic acid and potassium and sodium salts
thereot, diethylene-triamine-pentaacetic acid and potassium
and sodium salts thereof, triethylene-tetramine-hexaacetic
acid and potassium and sodium salts thereof, hydroxyethyl
cthylene-diamine-triacetic acid and potassium and sodium
salts thereol, nitrilo-triacetic acid and potassium and sodium
salts thereof, 1,2-diaminocyclohexane-tetraacetic acid and
potassium and sodium salts thereof, and 1,3-diamino-2-
propanol-tetraacetic acid and potassium and sodium salts
thereol, and organic phosphonic acids and salts thereof such
as 2-phosphono-butane-tricarboxylic acid-1,2,4 and potas-
sium and sodium salts thereof, 2-phosphono-butanone-tri-
carboxylic acid-2,3,4 and potassium and sodium salts
thereol, 1-phosphono-ethane-tricarboxylic acid-1,2,2 and
potassium and sodium salts thereof, 1-hydroxyethane-1,1-
diphosphonic acid and potassium and sodium salts thereof,
and aminotri{imethylene-phosphonic acid) and potassium
and sodium salts thereof. The optimum amount of such a
chelating agent may vary in proportion to the hardness of
hard water used and the amount thereotf to be used, but 1t 1n
general ranges from 0.01 to 3% by weight and more pret-
erably 0.01 to 0.5% by weight on the basis of the weight of
the developer practically used.

(Additives)

The developer of the present mmvention may optionally
comprise additional components listed below 1n addition to
the foregoing components. Examples of such additional
components are organic carboxylic acids such as benzoic
acid, phthalic acid, p-ethyl-benzoic acid, p-n-propyl-benzoic
acid, p-1sopropyl-benzoic acid, p-n-butyl-benzoic acid, p-t-
butyl-benzoic  acid, p-2-hydroxyethyl-benzoic  acid,
decanoic acid, salicylic acid and 3-hydroxy-2-naphthoic
acid; organic solvents such as 1sopropyl alcohol, benzyl
alcohol, ethyl cellosolve, butyl cellosolve, phenyl cello-
solve, propylene glycol, and diacetone alcohol; as well as a
chelating agent, a reducing agent, a dye, a pigment, a water
softener and a preservative.

The foregoing developer can be used as a developer or a
replenisher for use 1n the development of an exposed nega-
tive-working image-forming material and it 1s preferably
used 1n an automatic developing machine. When developing
an 1mage-forming material 1n an automatic developing
machine, the developer 1s fatigued in proportion to the
throughput and therefore, the throughput capacity of the
developer may be restored by the use of a replenisher or a
fresh developer. This replenishing system may likewise
preferably be adopted even 1n the image-forming method of
the present invention.

The image-forming material used 1n the present invention
comprises a substrate provided thereon with an 1mage-
recording layer and an optional protective layer deposited on
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the substrate in order and the image-recording layer 1s
characterized in that 1t comprises a photopolymerization
initiator system sensitive to light rays whose wavelength
talls within the visible to ultraviolet ranges, a polymerizable
compound carrying at least one ethylenically unsaturated
group and a binder polymer.

The term “deposited on the substrate in order” used herein
means that an undercoating layer, an image-recording layer
and a protective layer are formed on a substrate 1n this order.
In this connection, the undercoating layer and the protective
layer may, 1f necessary, be used and 1t 1s a matter of course
that the i1mage-forming material may likewise comprise
other layers (such as an intermediate layer, a back coat layer
or the like) used for a variety of purposes.

|[Photopolymerization Inmitiator System Sensitive to Visible
to Ultraviolet Light Rays]

The photopolymerization initiator system sensitive to
visible to ultraviolet light rays herein used means a system
comprising a compound capable of absorbing light rays
whose wavelength falls within the wvisible to ultraviolet
ranges and 1itiating a desired photopolymerization reaction.
More specifically, examples thereol are combinations of
sensitizing dyestufls whose maximum absorption wave-
length falls within the visible to ultraviolet ranges, prefer-
ably 330 to 700 nm with photopolymerization initiators.
These photopolymerization initiators may be used 1n com-
bination (a combined 1nitiator system). As such photopoly-
merization initiator system, there may approprately be used
combinations of a variety of sensitizing dyestuils (dyes)
known from, for instance, patent articles and literature with
photopolymerization initiators or combinations of at least
two of them (combined systems). Specific examples thereof
will be listed below, but the present invention 1s not
restricted to these specific examples at all.

There have been proposed various kinds of photopoly-
merization initiator systems sensitive to light rays such as
visible light rays of not less than 400 nm, an Ar laser beam,
secondary harmonic waves (harmonics) emitted from a
semiconductor laser and an SHG-YAG laser beam and
examples thereol are certain kinds of optically reducing dyes
disclosed 1n, for instance, U.S. Pat. No. 2,850,445; dyes such
as Rose Bengale, eosine and erythrosine or systems com-
prising combinations of dyes and 1nitiators; composite 1ni-
tiator systems comprising dyes and amines (Japanese Exam-
ined Patent Publication (hereunder referred to as “J.P.
KOKOKU”) Sho 44-20189); combined systems comprising
hexa-aryl bimidazoles, radical generators and dyes (IJ.P.
KOKOKU Sho 453-37377); systems comprising hexa-aryl
bumidazoles and p-dialkylamino-benzylidene ketone (IJ.P.
KOKOKU Sho 47-2528 and Japanese Un-Examined Patent
Publication (hereunder referred to as “J.P. KOKAI”) Sho
54-1355292); systems comprising cyclic cis-o-dicarbonyl
compounds and dyes (I.P. KOKAI Sho 48-84183); systems
comprising cyclic triazines and merocyanine dyes (J.P.
KOKAI Sho 54-151024); systems comprising 3-ketocu-
marin and activators (J.P. KOKAI Nos. Sho 52-112681 and
Sho 58-153503); systems comprising biuimidazoles, styrene
derivatives and thiols (J.P. KOKAI Sho 59-140203); sys-
tems comprising organic peroxides and dyes (I.P. KOKAI
Nos. Sho 59-1504, Sho 59-140203, Sho 59-189340 and Sho
62-174203, J.P. KOKOKU Sho 62-1641 and U.S. Pat. No.
4,766,053); systems comprising dyes and activated halogen
atom-contaiming compounds (see, for instance, J.P. KOKAI
Nos. Sho 63-258903 and Hei 2-63034); systems comprising
dyes and borate compounds (see, for 1nstance, J.P. KOKAI
Nos. Sho 62-143044, Sho 62-150242, Sho 64-13140, Sho
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64-13141, Sho 64-13142, Sho 64-13143, Sho 64-13144, Sho
64-17048, Hei 1-229003, He1 1-298348 and Hei1 1-138204);
systems comprising dyes each having a rhodanine ring and
radical generators (J.P. KOKAI Nos. He1 2-179643 and Hei
2-244050); systems comprising titanocenes and 3-ketocu-
marin dyes (I.P. KOKAI Sho 63-221110); systems compris-

ing combinations of titanocenes, xanthene dyes and addition
polymerizable ethylemically unsaturated compounds having
amino or urethane groups (J.P. KOKAI Nos. He1 4-221958
and Hei1 4-219756); systems comprising titanocenes and
specific merocyanine dyes (J.P. KOKAI Hei 6-295061); and

systems comprising titanocenes and benzopyran ring-con-
taining dyes (J.P. KOKAI Hei 8-334897).

Moreover, there have recently been developed a laser
(violet laser) emitting light rays of 400 to 410 nm and a
photopolymerization nitiator system highly sensitive to
light rays of not more than 450 nm or the light rays emitted
from a violet laser and these photo-initiator systems can
likewise be used 1n the present invention. Examples thereof
are cationic dye/borate systems (J.P. KOKAI He1 11-84647);
merocyanine dye/titanocene systems (J.P. KOKAI 2000-
147763); and carbazole type dye/titanocene systems (J.P.
KOKAI 2001-42524). In the present invention, titanocene
compound-containing photopolymerization initiator sys-
tems are particularly preferred since they are excellent in
their sensitivity.

A variety of such titanocene compounds may be used
herein and they may appropriately be selected from a variety
ol such titanocene compounds disclosed in, for instance, J.P.
KOKAI Nos. Sho 59-152396 and Sho 61-151197. Specific
examples thereot are di-cyclopentadienyl-Ti-di-chloride, di-
cyclopentadienyl-Ti-bis-phenyl,  di-cyclopenta-dienyl-Ti-
bi1s-2,3.,4,5,6-pentafluorophen-1-yl, di-cyclopentadienyl-Ti-
bi1s-2,3,3,6-tetra-fluorophen-1-yl,  di-cyclopentadienyl-Ti-
bi1s-2,4,6-trifluorophen-1-yl, di-cyclopentadienyl-Ti-bis-2,6-
di-fluorophen-1-yl, di-cyclopentadienyl-T1-b1s-2,4-di-
fluorophen-1-vyl, di-methyl-cyclopentadienyl-Ti-bi1s-2,3,4,5,
6-pentafluorophen-1-yl, di-methyl-cyclopentadienyl-Ti-bis-
2,6-di-fluorophen-1-yl and di-cyclopentadienyl-Ti-bis-2,6-
di-fluoro-3-(pyrro-1-yl)-phen-1-yl.

Moreover, the photopolymerization 1nitiator system pret-
erably comprises the foregoing titanocene compound and
turther a triazine compound. Examples of such triazine
compounds usable herein in combination with the titanocene
compounds include halo-methyl triazine compounds repre-
sented by the following general formula (I):

(I)
Q1

% j

Q2

In the formula (I), each of Q, and Q, independently
represents a halo-methyl group; X represents an electron
attractive substituent whose Hammett’s o value falls within
the range of from O to +0.8, except for COOH group; and n
represents an integer ranging from O to 5.

In this connection, the Hammett’s o value used in the
present invention 1s defined 1 “Theory of Organic Reaction
Rate”, written by J. E. Lefller (translated by TSUNO Yunan),
Tokyo Hirokawa Publishing Company, 1968.
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In the triazine compounds of Formula (I) used i the
present mvention, specific examples of the substituents X
whose Hammett’s o value falls within the range of from O
to +0.8 include phenyl groups, phenyl groups substituted
with electron attractive groups, naphthyl groups, trifluorom-
cthyl group, cyano groups, acetyl groups, ethoxy-carbonyl
group, —PO,H group, phosphonyl groups substituted with
alkyl groups, thiocyano groups, methyl-sulionyl group,
cthyl-sulfonyl group, dimethyl-sulionyl group, fluorine
atom, chlorine atom, bromine atom, 10odine atom and 10dyl
group.

Among the substituents X listed above, preferred are
hydrogen atom, chlorine atom, bromine atom, cyano groups,
tritluoromethyl group, acetyl groups, phenyl groups and
phenyl groups substituted with electron attractive groups.

Specific examples of the compounds represented by the
general formula (1) are those listed below, but the present
invention 1s not restricted to these specific ones at all:

(D)-1

4<CC13
N=——
Daw:;
N
4<CC13
(I)-2
CCl;
— N=——
Cl / N
\ 7/ \_/
CCl;
(I)-3
CCl;
— N=—
Br \ / \N /N
CCl;
(I)-4
CCl;
— N—
F4<\ / \N /N
CCl;
(I)-5
CCl3
— /N_
CCl;
(I)-6
Cl CCl3
— /N_
Yaw,
Cl CCl;
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-continued

CCls
CCl
/7 N\ N\
A=y
CCls
CCl,
m— N=—=
CN \ / \N /N
CCl,
CCl,
— N=—
CH3—C04<\ / \\N /N
CCl,
CCl,

ol
OO

(D-7

(D-8

(D-9

(D)-10

(D)-11

(D)-12

(1)-13

(I)-14
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-continued
(D)-15

H;C—0O ‘ \\ / \N /N
O
CCl;
CCls (10
TH3 _ Ne—
CH3—S+4<_\ <\ N
we N/ N\ _y
CCls
(I)-17
/F CCly
—_— N—
EF N
{\ / \_4
CCl;
co (I)-18
| A
CCl;

Further, 1t has been recognized that the optional addition
of a hydrogen-donating compound to the foregoing photo-
polymerization initiator system would permit the further
improvement of the ability of imitiating photopolymerization
of the system and examples of such hydrogen-donating
compounds include thiol compounds such as 2-mercapto-
benzothiazole, 2-mercapto-benzimidazole and 2-mercapto-
benzoxazole; and amine compounds such as N-phenyl gly-
cine and N,N-dialkylamino aromatic alkyl ester. The amount
of the photopolymerization initiator system to be incorpo-
rated 1nto the image-forming material ranges from 0.05 to
100 parts by weight, preferably 0.1 to 70 parts by weight and
more preferably 0.2 to 50 parts by weight, per 100 parts by
weight of the ethylenically unsaturated compound as will be
detailed below.

|Polymerizable Compound Carrying at Least One Ethyleni-
cally Unsaturated Group]

The term “polymerizable compound carrying at least one
cthylenically unsaturated group” (hereunder also referred to
as “ethylenically unsaturated bond-containing compound”)
herein used means a compound having at least one ethyl-
enically unsaturated group which can undergo addition
polymerization, cross-linking and/or curing by the action of
a photopolymerization initiator when a composition for
forming an 1image-recording layer 1s irradiated with actinic
rays. Such a compound having at least one addition-poly-
merizable ethylenically unsaturated group can arbitrarily be
selected from the group consisting of compounds carrying at
least one terminal ethylenically unsaturated bond, preferably
at least two such bonds. These ethylenically unsaturated
bond-containing compounds may be 1n the chemical forms
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such as monomers, prepolymers, or dimmers, trimers and
oligomers, or mixture thereof, as well as copolymers
thereol.

Examples of monomers and copolymers thereol are esters
of unsaturated carboxylic acids (such as acrylic acid, meth-
acrylic acid, 1taconic acid, crotonic acid, isocrotonic acid
and maleic acid) with aliphatic polyhydric alcohol com-
pounds; and amides of unsaturated carboxylic acids with
aliphatic polyvalent amine compounds. Specific examples of
ester monomers of unsaturated carboxylic acids with ali-
phatic polyhydric alcohol compounds are acrylic acid esters
such as ethylene glycol diacrylate, triethylene glycol dia-
crylate, 1,3-butanediol diacrylate, tetramethylene glycol dia-
crylate, propylene glycol diacrylate, neopentyl glycol dia-
crylate, trimethylol-propane triacrylate, trimethylol-propane
tri(acryloyloxy-propyl) ether, trimethylol-ethane triacrylate,
hexane-diol diacrylate, 1,4-cyclohexane-diol diacrylate, tet-
racthylene glycol diacrylate, pentaerythritol diacrylate, pen-
tacrythritol triacrylate, pentaerythritol tetra-acrylate, di-pen-
tacrythritol diacrylate, di-pentaerythritol penta-acrylate,
di-pentaerythritol hexa-acrylate, sorbitol triacrylate, sorbitol
tetra-acrylate, sorbitol penta-acrylate, sorbitol hexa-acrylate,
tri(acryloyloxy-ethyl) isocyanurate, and polyester acrylate
oligomers.

Examples of methacrylic acid esters are tetramethylene
glycol di-methacrylate, triethylene glycol di-methacrylate,
neopentyl glycol di-methacrylate, trimethylol-propane tri-
methacrylate, trimethylol-ethane tri-methacrylate, ethylene
glycol di-methacrylate, 1,3-butanediol di-methacrylate, hex-
ane-diol di-methacrylate, pentaerythritol di-methacrylate,
pentaerythritol tri-methacrylate, pentaerythritol tetra-meth-
acrylate, di-pentaerythritol di-methacrylate, di-pentaerythri-
tol hexa-meth-acrylate, di-pentaerythritol penta-methacry-
late, sorbitol tri-methacrylate, sorbitol tetra-methacrylate,
bis[p-(3-methacryloxy-2-hydroxypropoxy)phenyl]dim-
cthyl-methane and bis[p-(methacryloxy-methoxy)phenyl]
dimethyl-methane.

Examples of 1taconic acid esters are ethylene glycol
di-itaconate, propylene glycol di-itaconate, 1,5-butanediol
di-itaconate, 1,4-butanediol di-itaconate, tetramethylene
glycol di-itaconate, pentaerythritol di-1taconate, and sorbitol
tetra-1taconate. Examples of 1socrotonic acid esters are eth-

ylene glycol di-1socrotonate, pentaerythritol di-1socrotonate,
and sorbitol tetra-1socrotonate.

Examples of maleic acid esters are ethylene glycol di-
maleate, triethylene glycol di-maleate, pentaerythritol di-
maleate, and sorbitol tetra-maleate. In addition, the forego-
ing ester monomers may be used 1 combination. Further,
specific examples of amide monomers of aliphatic polyva-
lent amine compounds with unsaturated carboxylic acids are
methylene-bis-acrylamide, methylene-bis-methacrylamide,
1,6-hexa-methylene-bis-acrylamide,  1,6-hexamethylene-
bis-methacrylamide, diethylene triamine tri-acrylamide,
xylylene-bis-acrylamide and xylylene-bis-methacrylamide.

Examples of other ethylenically unsaturated bond-con-
taining compounds are vinyl urethane compounds having at
least two polymerizable vinyl groups in the molecule
obtained by adding vinyl monomers having hydroxyl groups
represented by the following general formula (A) to poly-
1socyanate compounds having at least two 1socyanate groups
in the molecule such as those disclosed in J.P. KOKOKU
Sho 48-41708:

CH,—C(R)YCOOCH,CH(R"OH (A)

wherein R and R' represent H or CH,, respectively.
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Examples of such monomers or the like further include
urethane acrylates such as those disclosed in J.P. KOKAI
Sho 51-37193 and J.P. KOKOKU Hei 2-32293; polyester
acrylates such as those disclosed in J.P. KOKAI Sho
48-64183 and J.P. KOKOKU Nos. Sho 49-43191 and Sho
52-30490; polyfunctional acrylates and methacrylates such
as epoxy acrylates obtained by reacting epoxy resins with
(meth)acrylic acids. Examples of the foregoing compounds
likewise include those introduced as photo-setting mono-
mers and oligomers 1n Bulletin of Adhesive Society in
Japan, 1984, Vol. 20, No. 7, pp. 300-308. In this respect, the
amount of these ethylenically unsaturated bond-containing
compounds to be used ranges from 5 to 80% by weight and
preferably 30 to 70% by weight on the basis of the total
weight of the whole components present in the 1mage-
recording layer.

|[Binder Polymer]

The binder polymer used in the image-recording layer of
the 1image-forming material employed 1n the present inven-
tion should serve as a film-forming agent in the 1mage-
recording layer and should be soluble 1n an alkaline devel-
oper and accordingly, 1t 1s an organic high molecular weight
polymer capable of being dissolved in or getting swollen by
an alkaline water.

Examples of such organic high molecular weight poly-
mers are addition polymers each having carboxyl groups on

the side chains such as those disclosed 1n, for instance, J.P.
KOKAI Nos. Sho 59-44615, Sho 54-92723, Sho 59-53836

and Sho 59-71048 and J.P. KOKOKU Nos. Sho 54-34327,
Sho 58-12577 and Sho 34-25957 and more specifically,
methacrylic acid copolymers, acrylic acid copolymers, ita-
conic acid copolymers, crotonic acid copolymers, maleic
acid copolymers and partially esterified maleic acid copoly-
mers.

Examples of binder polymers further include acidic cel-
lulose derivatives likewise having carboxyl groups on the
side chains. In addition to the foregoing, also useful are, for
instance, addition polymers having hydroxyl groups to
which cyclic acid anhydrides are added. Among these,
particularly preferred and suitably used herein are [benzyl
(meth)acrylate/(meth)acrylic acid/optional other addition
polymerizable vinyl monomer| copolymers and [allyl
(meth)acrylate/(meth)acrylic acid/optional other addition
polymerizable vinyl monomer]| copolymers. Also useful are,
for 1nstance, water-soluble organic polymers such as poly-
vinyl pyrrolidones and polyethylene oxides 1n addition to the
foregoing ones. Moreover, other binder polymers such as
alcohol-soluble polyamides and polyethers of 2,2-bis-(4-
hydroxyphenyl)-propane with epichlorohydrin are useful for
the improvement of the strength of a film obtained after
curing.

Examples of other binder polymers usetul for the purpose
of the present mnvention are polyurethane resins such as
those disclosed 1n J.P. KOKOKU Nos. He1 7-120040, He1
7-120041, He1 7-120042 and Hei1 8-12424 and J.P. KOKAI
Nos. Sho 63-287944, Sho 63-287947, Hei 1-271741 and Hei
11-352691.

Radical-reactive groups may be introduced into these high
molecular weight polymers to thus improve the strength of
the film obtained after curing the polymer. Examples of such
reactive groups are ethylenically unsaturated bond-contain-
ing groups, amino groups and epoxy groups as functional
groups capable of undergoing addition polymerization reac-
tions; mercapto groups, thiol groups, halogen atoms, triazine
structures and onmium salt structures as functional groups
capable of being converted 1nto radicals through 1rradiation
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with light rays; and polar groups such as carboxyl groups
and 1mido groups. Among the foregoing functional groups
capable of undergoing addition polymerization reactions,
particularly preferred are ethylenically unsaturated bond-
containing groups such as acryl, methacryl, allyl and styryl
groups, but suitably used herein also include, for instance,
functional groups selected from the group consisting of
amino groups, hydroxyl groups, phosphonate residues,
phosphate residues, carbamoyl groups, 1socyanate groups,
ureido groups, ureylene groups, sulfonate residues and
ammonio groups.

The binder polymer should have an appropriate molecular
weight and an acid value for maintaining the developing
properties ol the image-recording layer and therefore, the
binder polymer eflectively used herein has a weight average
molecular weight ranging from 35000 to 300,000 and an acid
value ranging from 20 to 200.

These binder polymers may be incorporated into the
composition for preparing an 1image-recording layer in any
amount, but the content thereof preferably ranges from 10 to
90% by weight and more preferably 30 to 80% by weight.
In other words, the binder polymer 1s preferably used 1n an
amount of not more than 90% by weight since 1t permits the
achievement of excellent results such as high strength of the
resulting 1mages. Moreover, the weight ratio of the ethyl-
enically unsaturated bond-containing compound to the
binder polymer preferably ranges from 1/9 to 9/1, more
preferably 2/8 to 8/2 and most preferably 3/7 to 7/3.

|Other Components]

Moreover, 1t 1s desirable to add, to the image-recording
layer of the foregoing image-forming material, a small
amount of heat polymerization-inhibitory agent in order to
inhibit any unnecessary heat polymerization of the polymer-
1zable ethylenically unsaturated bond-containing compound
during the preparation or storage of the composition (here-
under also referred to as “light-sensitive composition™) for
forming the image-recording layer, in addition to the fore-
going basic components. Examples of such heat polymer-
ization-inhibitory agents suitably used herein are hydro-
quinone, p-methoxy-phenol, di-t-butyl-p-cresol, pyrogallol,
t-butyl-catechol, benzoquinone, 4,4'-thiobis-(3-methyl-6-t-
butylphenol),  2,2'-methylenebis-(4-methyl-6-t-butylphe-
nol), cerous salt of N-nitrosophenyl hydroxylamine and
aluminum salt of N-mitrosophenyl hydroxyl-amine. The
amount of the heat polymerization mhibitory agent to be
added preferably ranges from about 0.01% to about 5% on
the basis of the weight of the solid content of the 1mage-
recording layer. In addition, 1t 1s also possible to optionally
add, for instance, a higher fatty acid derivative such as
behenic acid or a behenic acid amide to the image-recording,
layer 1n such a manner that the additive 1s localized 1n the
surface of the image-recording layer during the drying
process after the application of the layer for the inhibition of
the occurrence of any polymerization due to oxygen gas.
The added amount of the higher fatty acid derivative pret-
erably ranges from about 0.5% to about 10% on the basis of
the total weight of the solid content of the image-recording,
layer.

Further, a coloring agent may be added to the image-
recording layer for pigmenting the recording layer.
Examples of such coloring agents are pigments such as
phthalocyanine pigments (for instance, C.I. Pigment Blue
15:3, 13:4, 15:6), azo pigments, carbon black and titanium
oxides; Ethyl Violet, Crystal Violet; azo dyes, anthraquinone
dyes and cyanine dyes. The amount of these pigments and/or
dyes to be added preferably ranges from about 0.5% to about
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20% on the basis of the total weight of the composition for
the 1mage-recording layer. Moreover, 1t 1s also possible to
incorporate, into the image-recording layer, additives such
as 1norganic fillers and/or plasticizers such as di-octyl phtha-
late, dimethyl phthalate and tricresyl phosphate 1n order to
improve physical properties of the resulting cured film. The
amount of these additives to be added 1s preferably not more
than 10% of the total composition for the image-recording,
layer.

[Method for Preparing Image-Forming Material]

In the present invention, an 1image-recording layer-form-
ing composition used for preparing an image-forming mate-
rial 1s dissolved 1n a variety of organic solvents and then
applied onto the surface of an aluminum substrate as will be
detailed later. Examples of such solvents usable herein are
acetone, methyl ethyl ketone, cyclohexane, ethyl acetate,
cthylene dichloride, tetrahydrofuran, toluene, ethylene gly-
col monomethyl ether, ethylene glycol mono-ethyl ether,
cthylene glycol dimethyl ether, propylene glycol monom-
cthyl ether, propvlene glycol mono-ethyl ether, acetyl
acetone, cyclohexanone, diacetone alcohol, ethylene glycol
monomethyl ether acetate, ethylene glycol ethyl ether
acetate, ethylene glycol mono-1sopropyl ether, ethylene gly-
col mono-butyl ether acetate, 3-methoxy propanol, meth-
oxy-methoxy ethanol, diethylene glycol monomethyl ether,
diethylene glycol mono-ethyl ether, diethylene glycol dim-
cthyl ether, diethylene glycol di-ethyl ether, propylene gly-
col monomethyl ether acetate, propylene glycol mono-ethyl
cther acetate, 3-methoxypropyl acetate, N,N-dimethyl for-
mamide, dimethyl sulfoxide, y-butyrolactone, methyl lactate
and ethyl lactate. These organic solvents may be used alone
or as a mixture thereof. The concentration of the solid
contents of the coating solution suitably ranges from 1 to
50% by weight.

A surfactant may be incorporated into the 1image-record-
ing layer used 1n the invention for the improvement of the
quality of the coated layer. The coated amount of the
image-recording layer suitably ranges from about 0.1 g/m”
to about 10 g/m?, preferably 0.3 g/m* to 5 g¢/m* and more
preferably 0.5 g/m” to 3 g/m” as expressed in terms of the
amount determined after drying.

[Protective Layer]

In general, when exposing an 1mage-forming material to
light rays 1n the air, 1t 1s preferred to apply a protective layer
onto the image-recording layer of the material. The protec-
tive layer serves to prevent any contamination of the image-
recording layer with low molecular weight compounds such
as oxygen and/or basic substances present 1n the air, which
may 1nhibit the 1image-forming reaction certainly occurring
within the image-recording layer and mnitiated through the
irradiation with or the exposure to light rays and the layer
would thus permit the exposure of the layer in the air. For
this reason, the protective layer should desirably have such
properties as a low permeability to low molecular weight
compounds such as oxygen, a substantially high transpar-
ency to the light rays used for the exposure, excellent
adhesion to the image-recording layer and an ability of being
casily peeled ofl 1n the developing step after the exposure.
Various devices have been considered to obtain such a
protective layer and details thereol are disclosed in, for
imstance, U.S. Pat. No. 3,458,311 and J.P. KOKAI Sho
55-49729.

The maternial used for preparing such a protective layer
may, for instance, be preferably a water-soluble high
molecular weight compound relatively excellent 1n the crys-
tallizability and specific examples thereof known 1n the art
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include water-soluble polymers such as polyvinyl alcohol,
polyvinyl pyrrolidone, acidic cellulose materials, gelatin,
ogum Arabic, and polyacrylic acid. Among these water-
soluble polymers, preferably used herein are those compris-
ing polyvinyl alcohols as main components since they can
provide most excellent results from the viewpoint of the
basic characteristics such as the oxygen barrier properties
and its easy removability during the development. The vinyl
alcohol units of the polyvinyl alcohol used for forming a
protective layer may partially be substituted with ester, ether
and acetal groups 1nasmuch as the polyvinyl alcohol still has
unsubstituted vinyl alcohol units sutlicient for ensuring the
desired oxygen barrier properties and water-solubility. Simi-
larly, it may comprise a minor amount of other copolymer-
1zable components. An example of such a polyvinyl alcohol
used herein 1s one, 71 to 100% of which 1s hydrolyzed and
which has a molecular weight ranging from 300 to 2400.

Specific examples thereof are PVA-105, PVA-110, PVA-
117, PVA-117H, PVA-120, PVA-124, PVA-124H, PVA-CS,
PVA-CST, PVA-HC, PVA-203, PVA-204, PVA-205, PVA-
210, PVA-217, PVA-220, PVA-224, PVA-217EE, PVA-
217E, PVA-220E, PVA-224E, PVA-405, PVA-420, PVA-
613 and L-8, all of which are commercially available from
Kuraray Co., Ltd.

In this respect, various factors such as components of the
protective layer (selection of PVA, use of additives), and the
amount to be coated are appropriately be selected while
taking into consideration the desired eflects such as the
fogging properties, the adhesion of the protective layer to the
image-recording layer, the resistance to scratching marks 1n
addition to the oxygen barrier properties and easy remov-
ability during development. In this connection, 1t 1s common
that the higher the rate of hydrolyzed PVA (the higher the
content of unsubstituted vinyl alcohol units present in the
protective layer) and the thicker the protective layer, the
higher the resulting oxygen barrier properties and the more
advantageous the sensitivity of the image-recording layer. If
the oxygen barrier properties therecol are extremely high,
however, various problems arise such that the image-record-
ing layer may undergo undesirable polymerization reaction
during the preparation of the image-forming material and/or
the storage thereot prior to the practical use, and that there
would be observed undesirable fogging and thickening of
printing images. Further, the adhesion to the image area and
the resistance to scratch marks are likewise quite important
when handling the resulting printing plate. More specifi-
cally, 1f a hydrophilic layer of a water-soluble polymer 1s
deposited on a lipophilic polymerized layer, the former may
casily be peeled ofl from the latter because of insuilicient
adhesion between them and the peeled portions in turn
become a cause of defects due to the polymerzation-
inhibitory effect of oxygen such as isuflicient curing of the

film.

Accordingly, there have been proposed a variety of means
for the improvement of the adhesion between these two
layers. For instance, U.S. Pat. Nos. 292,501 and 44,563
disclose that sufficient adhesion can be ensured between
these two layer by incorporating, for instance, an acrylic
emulsion or a water-insoluble vinyl pyrrolidone-vinyl
acetate copolymer 1nto a hydrophilic polymer mainly com-
prising polyvinyl alcohol in an amount ranging from 5 to
80% by weight and then applying the resulting mixture onto
the surface of a polymerizable layer. In the present inven-
tion, these known techniques can be used for the preparation
of the protective layer. The details of the methods for

10

15

20

25

30

35

40

45

50

55

60

65

32

preparing such a protective layer are disclosed in, for
instance, U.S. Pat. No. 3,458,311 and J.P. KOKAI Sho

55-49729.

Moreover, other functions can be imparted to the protec-
tive layer. For instance, the protective layer may comprise a
coloring agent (such as a water-soluble dye) which 1s
excellent 1n the transparency to the light rays of 350 to 450
nm used in the exposure step and which can efliciently
absorb light rays of not less than 500 nm and thus, the safe
light properties of the image-forming material can further be
improved without being accompanied by any reduction of
the sensitivity thereof.

[Substrate]

Then the substrate as a maternial for preparing an 1mage-
forming material will be detailed below. The substrate
usable herein 1s not restricted to any specific one, but
aluminum substrates are preferred. The aluminum substrate
herein used may be a dimensionally stable aluminum or
aluminum alloy (such as an alloy with silicon, copper,
manganese, magnesium, chromium, zinc, lead bismuth and/
or nickel) plate, or a plastic film or paper, which 1s laminated
with an aluminum or aluminum alloy foil or on which such
a metal 1s vapor-deposited and the substrate 1n general has
a thickness ranges from about 0.05 to 1 mm. Moreover, also
usable herein include, for instance, composite sheets dis-
closed 1n J.P. KOKAI Sho 48-18327.

Preferably, the aluminum substrate 1s, 11 necessary, sub-
jected to a surface treatment as will be described later.

(Surface Graining Treatment)

The surface graining treatment may be, for instance,
mechanical graining, chemical etching and electrolytic
graining treatments such as those disclosed 1n J.P. KOKAI
Sho 48-18327. Examples of such surface graining methods
usable herein further include an electrochemical surface
graining method which comprises electrochemically sur-
face-graining an aluminum plate 1n an electrolyte containing
hydrochloric acid or nitric acid, and mechanical surface
graining methods such as a wire brush-graiming method 1n
which the surface of an aluminum plate 1s scratched with
metallic wires; a ball graining method 1n which the surface
of an aluminum plate 1s grained using abrasive balls and an
abrasive grains; and a brush-graining method which com-
prises graining the surface of an aluminum plate with a
nylon brush and an abrasive and these surface graiming
methods may be used alone or 1n combination. Among these,
preferably used herein are methods 1n which the surface of
an aluminum plate 1s chemically surface-grained n an
clectrolyte comprising hydrochloric acid or nitric acid since
they permit the achievement of desired surface roughness
useiul 1 the present invention. In this surface graiming
treatment, the current density used preferably ranges from
100 to 400 C/dm”. More specifically, the aluminum substrate
1s preferably electrolyzed, 1n an electrolyte containing 0.1 to
50% hydrochloric acid or nitric acid, at a temperature
ranging from 20 to 100° C. and a current density ranging
from 100 to 400 C/dm?, for one second to 30 minutes.

The aluminum substrate thus surface-grained 1s then
subjected to a chemical etching treatment with an acid or an
alkal1. When using an acid as an etching agent, 1t takes a long
period of time to destroy fine structures of the surface and
the application of the technique to the method of the
invention 1s quite disadvantageous from the industrial stand-
point, but this problem can be solved by the use of an alkali
as an etching agent. Examples of such alkaline agents
suitably used in the present invention are sodium hydroxide,
sodium carbonate, sodium aluminate, sodium metasilicate,
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sodium phosphate, potassium hydroxide and lithium
hydroxide. The concentration of an alkali ranges from 1 to
50% and the temperature ranges from 20 to 100° C., or the
conditions for this etching treatment are preferably selected
such that the amount of Al dissolved during the etching falls
within the range of from 5 to 20 g/m’. After the etching, the
aluminum substrate 1s washed with an acid to remove the
contaminants (smut) remaining on the surface. Acids used 1n
this washing treatment are, for instance, mitric acid, sulfuric
acid, phosphoric acid, chromic acid, hydrofluoric acid and
hydrogen borofluoride. In particular, examples of methods
for desmutting an aluminum plate after the electrochemaical
surface roughening treatment thereof preferably used herein
are one comprising the step of bringing the aluminum
substrate mnto contact with a 15 to 65% by weight sulfuric
acid solution maintained at a temperature ranging from 50 to
90° C. as disclosed 1 J.P. KOKAI Sho 53-12739 and an

alkali etching method such as that disclosed i J.P.
KOKOKU Sho 48-28123. The Al substrate effectively used
in the present invention has surface roughness (Ra) ranging
from 0.3 to 0.7 um.

(Anodization Treatment)

Then the aluminum substrate thus treated i1s preferably
subjected to an anodization treatment. Such an anodization
treatment may be carried out according to the method
conventionally known 1n this art. Specifically, a direct or
alternating current 1s passed through the aluminum substrate
In an aqueous or non-aqueous solution containing at least
one member selected from the group consisting of sulfuric
acid, phosphoric acid, chromic acid oxalic acid, sulfamic
acid and benzene sulfonic acid to thus form an anodized
layer on the surface of the aluminum substrate. The condi-
tions for the anodization treatment may vary variously
depending on the kind of electrolyte used and cannot uncon-
ditionally be determined, but the anodization 1s 1n general
carried out under the following preferred conditions: an
clectrolyte concentration ranging from 1 to 80%; an elec-
trolyte temperature ranging from 5 to 70° C.; a current
density ranging from 0.5 to 60 A/dm”; a voltage ranging
from 1 to 100 V; and an electrolyzation time ranging from
10 to 100 seconds.

Among these anodization treatments, preferably used 1n
the invention are, for instance, the method disclosed 1n U.K.
Patent No. 1,412,768 1n which an aluminum plate 1s anod-
1zed at a high current density 1n a sulfuric acid solution and
the method disclosed 1n U.S. Pat. No. 3,511,661 1in which an
aluminum plate 1s anodized using a phosphoric acid solution
as an electrolytic bath. In the present invention, the amount
of the anodized layer thus formed ranges from 1 to 10 g/m~.
If the amount thereof is not less than 1 g/m?, the resulting,
printing plate 1s hardly damaged and 11 1t 1s not more than 10
g/m?, it is not necessary to use any excess electricity for the
production of an aluminum substrate and this would accord-
ingly permit the reduction of cost required for the production
of such a substrate. Preferably, the amount of the anodized
layer ranges from 1.5 to 7 g/m” and more preferably 2 to 5
g/m”.

In the present invention, the aluminum substrate may
turther be subjected to a sealing treatment after the forego-
ing surface-graining and anodization treatments. Such a
sealing treatment may be carried out, for instance, by
immersing the aluminum substrate in hot water or a hot
aqueous solution of an inorganic or organic salt or by
treating the substrate in a steam bath. Moreover, the alumi-
num substrate of the present invention subjected to a silicate
treatment using a metal silicate or a surface treatment other
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than such a silicate treatment, for instance, a treatment 1n
which the aluminum substrate 1s immersed 1n an aqueous
solution of, for instance, potassium fluorozirconate or a
phosphoric acid salt.

The 1mage-forming material of the present mvention 1s
prepared by forming an image-recording layer consisting of
the foregoing photopolymerizable composition on the alu-
minum substrate which has been surface-treated according
to the methods discussed above, but an organic or 1norganic
intermediate layer may, 1f necessary, be formed on the
aluminum substrate prior to the application of the 1mage-
recording layer.

[Intermediate Layer]

The image-forming material of the present invention may
optionally be provided with an intermediate layer between
the substrate and the image-recording layer for the improve-
ment of the adhesion between them and resistance to con-
tamination. Specific examples of such intermediate layers

are those disclosed in, for instance, J.P. KOKOKU Sho
50-7481; J.P. KOKAI Nos. Sho 54-72104, Sho 59-101651,
Sho 60 149491, Sho 60-232998, Hei 3-56177, fmel
4-2826377, He1 5-16558, Hei 5-246171, He1 7-159983, Hei
7-3149377, Her 8-202025, Hei 8- 320551 He1 9-34104, Hei
0-236911, He1 9-269593, He1 10-69092, Hel 10-115931, Hei
10-161317, He1 10-2603536, He1 10-282682, He1 11-84674,
He1 10-69092, He1 10-115931, He1 11-38635, He1 11-38629,
He1 10-282645, Hei 10-301262, Hei1 11-24277, Hei
11-109641, He1 10-319600, He1 11-846°74, He1 11-327152,
2000-10292, 2000-235254, 2000-352824 and 2001-209170;
and Japanese Patent Application Serial No. He1 11-284091.

[Imagewise Exposure and Developing Treatment]

The image-forming material used in the present invention
1s 1magewise exposed to conventionally known actinic light
rays such as those derived from a carbon arc lamp, a high
pressure mercury lamp, a xenon lamp, a metal halide lamp,
a fluorescent lamp, a tungsten lamp, a halogen lamp, a
helium-cadmium laser, an argon 10n laser, an FD*YAG laser,
a helium-neon laser and a semiconductor laser (350 nm to
600 nm) and then developed to thus form desired 1mages on
he surface of the aluminum substrate. After the imagewise
exposure, the image-forming material may be subjected to a
heat-treatment at a temperature ranging from 50 to 150° C.
for one second to 5 minutes for the purpose of improving the
curing rate of the polymerizable image-recording layer prior
to the developing step.

A protective layer usually having oxygen barrier proper-
ties 1s 1n general formed on the 1image-recording layer used
in the invention as has been described above. In this respect,
there has been known a method for simultaneously remov-
ing the protective layer and the un-exposed areas on the
image-recording layer using a developer used 1n the present
invention or a method comprising the step of first removing
the protective layer using water or warmed water and then
removing the un-exposed areas on the image-recording layer
through development. The water or warmed water may
comprise additives such as a preservative such as that
disclosed 1n J.P. KOKAI He1 10-10754 and an organic
solvent such as that disclosed 1n J.P. KOKAI He1 8-278636.

In the present mvention, the image-forming material can
be developed according to the usual method and more
specifically, by immersing the imagewise exposed image-
forming material 1n a developer at a temperature ranging
from 0 to 60° C., preferably 15 to 40° C. while rubbing the
surface of the material with a brush.

In addition, when the image-forming material 1s devel-
oped using an automatic developing machine, the developer
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used 1s gradually fatigued in proportion to the throughput
and therefore, the developing ability of the developer may be
restored using a replenisher or a fresh developer. The
image-forming material thus developed 1s subjected to vari-
ous post-treatments with, for instance, washing water, a
rinsing liquid containing, for instance, a surfactant and/or a
desensitizing liquid contaiming, for instance, gum Arabic
and/or a starch derivative, as disclosed 1n, for instance, J.P.
KOKAI Nos. Sho 54-8002, Sho 53-115045 and Sho
59-58431. In the present invention, various combinations of
the foregoing treatments may be used in the post-treatment
of the image-forming material. Further, 1f the image-forming
material 1s used as an original plate for a lithographic
printing plate, the printing plate obtained through the fore-
going treatments may further be subjected to a post-expo-
sure treatment and/or a heat treatment such as a burning
treatment as disclosed 1n J.P. KOKAI 2000-89478 to thus
improve the printing durability of the printing plate. The
lithographic printing plate thus obtained 1s set on an offset
printing press to thus give a large number of printed matters.

In the present invention, 1f the image-forming material 1s
used as an original plate for a lithographic printing plate, the
lithographic printing plate obtained after the foregoing treat-
ments 1s set on an oflset printing press to thus give a large
number of printed matters. In this respect, a plat cleaner may
be used for the removal of any contaminant present on the
printing plate prior to the initiation of the printing opera-
tions. Such a plate cleaner may be a conventionally known
one used for cleaning PS plates and specific examples
thereof include CL-1, CL-2, CP, CN-4, CN, CG-1, PC-1, SR
and IC (they are all available from Fujp1 Photo Film Co.,
Ltd.).

EXAMPLES

The present invention will hereunder be described in more
detail with reference to the following Examples, but 1t 1s a
matter of course that the scope of the present invention is not
restricted to these specific Examples at all. First of all,
original plates (PS plates) for making lithographic printing
plates (1) to (4) as image-forming materials were prepared
according to the following procedures.

|Orniginal Plate (1) for Lithographic Printing Plate]

A 1S aluminum plate having a thickness of 0.3 mm was
suiliciently washed with water and then immersed 1n a 10%
sodium hydroxide solution at 70° C. for 60 seconds for
ctching, followed by washing with runming water, neutral-
ization and washing with a 20% nitric acid solution and
subsequent washing with water. The aluminum plate was
then subjected to an electrolytic surface-roughening treat-
ment 1 a 1.5% aqueous nitric acid solution, at the quantity
of electricity at the anode time of 270 coulomb/dm?, using
a sinusoidal alternating waved current under the condition of
V =127 V. At this stage, the surface roughness of the
resulting aluminum plate was determined and 1t was found
to be 0.30 um (as expressed 1n terms of Ra). Subsequently,
the plate was immersed i a 30% aqueous solution of
sulfuric acid to thus carry out the desmutting thereof at 40°
C. for 2 minutes and then anodized at a current density of 5
A/dm?, at 33° C. for 50 seconds in a 20% aqueous solution
of sulifuric acid while a cathode was positioned on the
grained surface of the plate, and as a result, the thickness of
the anodized layer was found to be 2.7 g/m”.

A coating solution for forming an intermediate layer
having the following composition was applied onto the
aluminum plate thus treated such that the amount of the
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solution weighed after drying was equal to 2 mg/m~ and then
dried at 100° C. for 3 minutes.

Coating Liquid for Forming Intermediate Layer

The following components were stirred and mixed
together 1n amounts specified below. After about 5 minutes,
there was observed generation of heat. The components
were reacted for 60 minutes and then 20,000 g of methanol
was added to thus give a coating liquid for forming an
intermediate layer:

Methanol 100 g
DDP-8 (Phosphate compound available from Nikko 15 ¢g
Chemuicals, 1nc.)

Water 10 g
Phosphoric acid S5¢g
Tetra-ethoxy silane 50 g
3-Methacryloxy-propyl tri-ethoxy silane 50 g

The following highly sensitive photopolymerizable com-
position 1 having the composition specified below was
applied onto the undercoating layer in such a manner that the
coated amount thereof weighed after drying was equal to 1.5
g/m” and then dried at 100° C. for 90 seconds to thus form
an 1mage-recording layer.

Photopolymerizable Composition 1

Ethylenically unsaturated bond-contaimning compound (Al) 1.8 ¢
Binder polymer (B1) 1.5¢g
Sensitizing agent (C1) 0.15 ¢
Photopolymerization initiator (D1) 0.2 ¢g
p-Phthalocyanine (F1) dispersion 0.2 g
Fluorine atom-containing surfactant; Megafac F177 (available  0.03 g
from DIC*)

Methyl ethyl ketone 10 g
Propylene glycol monomethyl ether acetate 10 g

*Dainippon Ink and Chemicals, Inc.
Al

\ (O O> /
O O O O
\ | |/
CHOCNH(CH,)NHCOCH

OJ \—O

OCN—(CH,)—NCO /
HO—(CH,CH,0),—OH /
n=10

OH OH = Reaction product of 80/20/75/25)

COOH
Cl1
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-continued

Photopolymerizable Composition 1

CH;

XX C4H9

IR

Q/@m
S

(CoHs)N

D1

A 3% by weight aqueous solution of polyvinyl alcohol
(degree of saponification: 98 mole %; degree of polymer-
ization: 500) was applied onto the photopolymerizable
image-recording layer thus formed such that the coated
amount of the aqueous solution was 2.5 g/m? as expressed in
terms of the amount determined after drying and then dried
at 100° C. for 90 seconds to thus form an original plate (1)
for preparing a lithographic printing plate.

|Original Plate (2) for Preparing Lithographic Printing Plate]

The same procedures used for preparing the original plate
(1) for forming a lithographic printing plate were repeated
except for using a photopolymerizable composition 2 which
was 1dentical to the photopolymerizable composition 1

except that C-2 (specified later) was substituted for C-1 used
in the composition 1, to thus prepare an original plate (2) for

preparing a lithographic printing plate.

|Oniginal Plate (3) for Preparing Lithographic Printing Plate]

The same procedures used for preparing the original plate
(2) for forming a lithographic printing plate were repeated
except for using a photopolymerizable composition 3 which
was 1dentical to the photopolymerizable composition 2
except that 0.1 g of a tnnazine compound (I)-1 was further
added to the composition 2, to thus prepare an original plate
(3) for preparing a lithographic printing plate.

| Original Plate (4) for Preparing Lithographic Printing Plate]
A 1S aluminum plate having a thickness of 0.30 mm was
surface-grained using a No. 8 nylon brush and an aqueous

suspension of 800 mesh pumice stone and then sufliciently
washed with water. The aluminum plate was then immersed
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in a 10% sodium hydroxide solution at 70° C. for 60 seconds
for etching, followed by washing with running water, neu-
tralization and washing with a 20% nitric acid solution and
subsequent washing with water. The aluminum plate was
then subjected to an electrolytic surface-roughening treat-
ment 1n a 1% aqueous nitric acid solution, at the quantity of
electricity at the anode time of 300 coulomb/dm?, using a
sinusoidal alternating waved current under the condition of
V =127 V. At this stage, the surface roughness of the
resulting aluminum plate was determined and 1t was found
to be 0.45 um (as expressed in terms of Ra). Subsequently,
the plate was immersed 1 a 30% aqueous solution of
sulfuric acid to thus carry out the desmutting thereof at 55°
C. for 2 minutes and then anodized at a current density of 5
A/dm”® and at 33° C. for 50 seconds in a 20% aqueous
solution of sulfuric acid while a cathode was positioned on
the grained surface of the plate and as a result, the thickness

of the anodized layer was found to be 2.7 g/m”.

A liquid containing a methyl methacrylate/ethyl acrylate/

sodium 2-acrylamido-2-methyl-propane sulfonate copoly-
mer (molar ratio: 60/25/15; molecular weight Mn=30,000)

dissolved in water/methanol (5 g/95 g) mixed solvent was
coated on the surface of the aluminum plate on which the
foregoing anodized layer had been formed in such a manner
that the amount of the liquid determined after drying was
equal to 3 mg/m? and then dried at 80° C. for 30 seconds to
thus form an intermediate layer and the resulting aluminum
plate was used as an aluminum substrate.

The following photopolymerizable composition 4 having
the composition specified below was applied onto the inter-
mediate layer in such a manner that the coated amount
thereof weighed after drying was equal to 1.5 g/m~ and then
dried at 100° C. for 90 seconds to thus form a i1mage-
recording layer.

Photopolymerizable Composition 4

Ethylenically unsaturated bond-contaimning compound (A2) 1.5¢g
Binder polymer (B2) 1.8 ¢
Sensitizing agent (C2) 0.1g
The foregoing photopolymerization initiator (D1) 0.2¢g
[p-Phthalocyanine (F1) dispersion 0.2 ¢g
Fluorine atom-containing surfactant; Megafac F177 (available  0.03 g
from DIC*)

Methyl ethyl ketone 10 g
Propylene glycol monomethyl ether acetate 10 g

*Dainippon Ink and Chemicals, Inc.
(A-2)

Noco” Xy

(B-2)

T
_ﬁCHzTﬁF

CoN

T
_ﬁCHzTﬁF

CO,H
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-continued

Photopolymerizable Composition 4

CH;

|
— CHyC 5

CONH

Mw 150000
(C-2)

N O
T O
AN

A 3% by weight aqueous solution of polyvinyl alcohol
(degree of saponification: 98 mole %; degree of polymer-
ization: 500) was applied onto the photopolymerizable
image-recording layer thus formed such that the coated
amount of the aqueous solution was 2.5 g/m” as expressed in
terms of the amount determined after drying and then dried
at 100° C. for 90 seconds to thus form an original plate (4)
for preparing a lithographic printing plate.

Among these originals for preparing lithographic printing
plates, the original plate (1) obtained using the photopoly-
merizable composition 1 was 1magewise exposed to light
emitted from an FD*YAG laser (Plate Jet 4 available from
CSI Company) and the originals (2) to (4) obtained using the

photopolymenizable compositions 2 to 4 respectively were

imagewise exposed to light emitted from a wviolet laser
(Luxel Vx9600CTP available from Fuj1 Photo Film Co.,

[td.) under the conditions of 175 lines/in at 2400 dpi, while
variously changing the exposure value.

The 1imagewise exposed original plates were then sub-
jected to a standard treatment in an automatic developing
machine (LP-850PII available from Fuj1 Photo Film Co.,
Ltd.) which comprised a developer having the composition
specified below and a fimishing gum liquid FP-2W (available
from Fuj Photo Film Co., Ltd.).

OCH;

Developer

The following ingredients were dissolved 1n water to thus
prepare a developer:

Carbonate A mole/L
Hydrogen carbonate B mole/L (A + B = a mole/L)
Surfactant C g/L
Silicate D g/L{S10, component: b mole/L.)
2.,4,7,9-Tetramethyl-5-decyn-4,7- 1 g/L
diol
Ethylenediamine-tetraacetic acid.4 2 g/L
Na salt (Chelating agent)
TABLE 1
Hydrogen
Dev. Carbonate, carbonate, a(A + B)
No. A mole/L B mole/L mole/L.  Silicate, g/L
1 K,CO; (0.06) KHCO; (0.02) 0.08 JIS A potassium

silicate (30)
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TABLE 1-continued

2 K,CO; (0.15)  KHCO; (0.04) 0.19 JIS A potassium
silicate (30)
3 K5CO; (0.3) KHCO; (0.067) 0.367 JIS A potassium
silicate (30)
4 K,CO; (0.15) KHCO, (0.04) 0.19 JIS A potassium
silicate (15)
5 K5CO; (0.15) KHCO; (0.04) 0.19 JIS A potassium
silicate (60)
6 K5CO; (0.15) KHCO; (0.04) 0.19 JIS A potassium
silicate (80)
7 Na,CO, NaHCO, (0.08) 0.4 JIS A potassium
(0.32) silicate (30)
8 K>CO; (0.15) KHCO; (0.04) 0.19 JIS A potassium
silicate (30)
9 K5CO; (0.15) KHCO; (0.04) 0.19 JIS A potassium
silicate (30)
10 K,CO; (0.15) KHCO, (0.04) 0.19 JIS A potassium
silicate (30)
11 K5CO; (0.15) KHCO; (0.04) 0.19 JIS A potassium
silicate (30)
12 K5CO; (0.15) KHCO; (0.04) 0.19 JIS A potassium
silicate (30)
13 K>CO; (0.15) KHCO; (0.04) 0.19 JIS 2K potassium
silicate (30)
14*  K,CO; (0.06) KHCO; (0.02) 0.08
15% K5CO; (0.65) KHCO; (0.15) 0.8
16  K5CO; (0.15) KHCO; (0.04) 0.19 JIS A potassium
silicate (120)
17%  K5CO; (0.15) KHCO; (0.04) 0.19 JIS A potassium
silicate (10)
18*  KOH (0.65) KHCO; (0.65) 1.3 JIS A potassium
silicate (180)
19  KOH (0.1) (—) — (—)
20%  KOH (—) — (—)
(0.0001)
Cont. of Cond. at
Dev. S105, b a+b, Surfactant, pH at 25° C.,
No. mole/L.  mole/L a:b (wt %) 25° C. (mS)
1 0.13 0.21 1:1.6 II-13 (5) 10.7 34.4
2 0.13 0.32 1:0.7 II-13 (5) 10.8 43.5
3 0.13 0497 1:0.35 II-13 (5) 10.7 75.2
4 0.065 0.255 1:0.34 II-13 (5) 10.7 38.2
5 0.26 045 1:1.39 II-13 (2) 10.9 68.1
6 0.35 0.54 1:1.8 II-13 (8) 10.9 81.8
7 0.13 0.53 1:0.33 II-13 (5) 10.3 71.4
8 0.13 0.32 1:0.7 II-13 (2) 10.7 41
9 0.13 0.32 1:0.7 II-13 (8) 10.7 44.4
10 0.13 0.32 1:0.7 Y-1 (2) 10.7 40.5
11 0.13 0.32 1:0.7 Y-1 (5) 10.7 38.8
12 0.13 0.32 1:0.7 Y-1 (8) 10.8 36.2
13 0.098 0.288 1:0.52 II-13 (5) 9.1 34.5
14* — 0.08 — II-13 (5) 10.3 21.1
15% — 0.8 — II-13 (5) 10.2 108.1
16* 0.52 0.71  1:2.7 II-13 (5) 10.7 115.2
17% 0.043 0.233 1:0.22 II-13 (5) 10.6 28.4
18* 0.78 2.08 1:0.6 II-13 (11) 10.2 148.5
19% — —  — II-13 (5) 13 35.1
20% — —  — II-13 (5) 10.2 6.6

*Comparative developer.

|[Evaluation]

As an 1ndication of the developing ability evaluation, each
imagewise exposed original plate was inspected for the
speed (rate) of development of the non-image area with an
alkaline developer and further 1t was likewise inspected for
the rate of penetration of each alkaline developer into the
image-recording layer as an indication of the printing dura-
bility of the resulting printing plate.

The following are the details of the methods for deter-
mining “the rate of development of non-image areas with an
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alkaline developer” and “the rate of penetration of each
alkaline developer into the image-recording layer”, used 1n
the present ivention.

<Determination of Rate of Development of Non-Image Area
with Alkaline Developer>

The term “‘the rate of development of non-image areas
with an alkaline developer” herein used means the value
obtained by dividing the thickness (m) of the image-record-
ing layer (non-image area) by the time (sec) required for
developing (or removing) the same.

The method for determining the developing speed used in
the present invention comprises, as shown in FIG. 1,
immersing a material which comprises an aluminum sub-
strate provided thereon with an un-exposed image-recording
layer 1n an alkaline developer (30° C.) whose physical
properties fall within the predetermined ranges, and then
examining the dissolution behavior of the image-recording
layer using a DRM interference wave (Iringe)-measuring
device. FIG. 1 1s a schematic diagram showing such a DRM
interference wave-measuring device for determining the
dissolution behavior of the image-recording layer. In the
present invention, any film thickness change was detected
through the interference using light rays of 640 nm. In case
where the development of the layer 1s one started from the
surface of the image-recording layer without being accom-
panied by any swelling, the film thickness 1s gradually
reduced with the elapse of time to thus provide interference
fringes 1n proportion to the thickness of the image-recording
layer. In case of the dissolution accompanied by swelling,
the film thickness may vary by the penetration of a developer
into the layer and therefore, any distinct interference fringe
cannot be obtained.

The measurement was continued under such conditions to
thus determine the time (s) (the time required for complete
development) required for completely removing the 1mage-
recording layer and for making the film thickness zero and
the developing speed (rate of development) can be calcu-
lated from the time (s) and the film thickness (um) of the
image-recording layer according to the following equation.
The results obtained are judged as follows: The higher the
rate of development, the easier the removal of the film with
the developer and the higher the developing ability of the
developer.

Developing Speed (of Un-Exposed Area)=[Thickness
of Image-Recording Layer (um)]/[Time (sec)
Required for Complete Development]

To ensure the correspondence to the actual performance,
the resulting printing plate was subjected to a test for
examining the developing ability (see the section concerning
“Evaluation of Developing Ability” given later).

<Determination of “Rate of Penetration of Alkaline Devel-
oper mto Image-Recording Layer>

In addition, the term “the rate of penetration of an alkaline
developer into the image-recording layer” herein used
means a value indicating the rate of variation of the elec-
trostatic capacity (F) observed when immersing, in a devel-
oper, a material obtained by applying the foregoing image-
recording layer onto a conductive substrate.

As shown i FIG. 2, the method for determining the
clectrostatic capacity (F) as a criterion for the permeability
in the present invention comprises, for mstance, immersing,
in an alkaline developer (28° C.), an aluminum substrate
serving as an electrode and provided thereon with an 1image-
recording layer which has been exposed (in case of the
photopolymerizable composition 1, the layer 1s exposed at
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an exposure value of 0.25 mJ/cm” using an FD*YAG laser
(Plate Jet 4 available from CSI Company); and 1n case of the
photopolymerizable compositions 2 and 3, the layer 1s
exposed at an exposure value of 0.05 mJ/cm” using a violet
laser (Luxel Vx9600CTP available from Fuji Photo Film
Co., Ltd.) and then cured, connecting the aluminum sub-
strate to a leading wire, while using a usual electrode as an
opposite electrode and then applying an electric voltage
between these electrodes. After the application of an electric
voltage, the developer penetrates into the image-recording
layer with the lapse of immersion time and finally arrives at
the mterface between the recording layer and the substrate to
thus cause a change in the electrostatic capacity.

Accordingly, the rate of penetration of an alkaline devel-
oper into the 1image-recording layer can be calculated from
the time (s) required till the electrostatic capacity undergo a
change and the film thickness (um) of the image-recording
layer according to the following equation. In this respect, the
results obtained are judged as follows: The smaller the rate
of the developer penetration, the lower the permeability of
the developer into the image-recording layer.

Rate of Developer Penetration (of Exposed Area)=
[film thickness (um) of the image-recording
layer]/[Time (s) required till electrostatic capac-
ity arrives at a constant level]

To ensure the correspondence to the actual performance,
the resulting printing plate was set on a printing press so that
the printing plate was inspected for the printing durability
(see the section concerning “Evaluation of Printing Dura-
bility” given later).

In respect of physical properties of the orniginal plate for
preparing a lithographic printing plate according to the
present invention, the rate of development of the un-exposed
arca with an alkaline developer 1s preferably not less than 80
nm/sec, more preferably 80 to 400 nm/sec and further
preferably 90 to 200 nm/sec. Moreover, the rate of penetra-
tion of an alkaline developer into the exposed area 1is
preferably not more than 100 nF/sec, more preferably not
more than 90 nF/sec and further preferably not more than 80
nk/sec.

(Evaluation of Developing Ability)

The actual developing ability of the non-image area was
examined by developing the imagewise exposed 1mage-
forming material with a developer specified 1n the foregoing

Table 1 at 28° C. for 18 seconds using L.P-850PII available
from Fuj Photo Film Co., Ltd.

(Evaluation of Printing Durability)

The oniginal plates (1) to (3) for preparing lithographic
printing plates were 1magewise exposed to light emitted
from an FD*YAG laser (Plate Jet 4 available from CSI
Company) under the conditions of 175 lines/in at 2400 dp1
and an exposure value of 0.25 ml/cm”, in case of the
originals obtained using the photopolymerizable composi-
tion 1 and to light emitted from a wviolet laser (Luxel
Vx9600CTP available from Fuj1 Photo Film Co., Ltd.) under
the conditions of 175 lines/in at 2400 dp1 and an exposure
value of 0.05 mJ/cm”, in case of the originals obtained using
the photopolymerizable compositions 2 and 3, respectively.
After the imagewise exposure, the imagewise exposed origi-
nal plates were washed with tap water to thus remove the
protective layers and then developed using LP-8350PII avail-
able from Fuji Photo Film Co., Ltd. at 28° C. for 18 seconds.
In this respect, the finisher used herein was a 1:1 water/FP-
2W (available from Fuj1 Photo Film Co., Ltd.).

Each of the resulting lithographic printing plates was set
on a printing press LISRON available from KOMORI
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Corporation (K.K.) to thus determine the number of accept-
able printed matters which was used as the indication for the
printing durability.

(pH Reduction Due to Carbon Dioxide Gas Present 1n the
Air)

Each developer was charged 1n the automatic developing
machine: LP-850PII available from Fuji Photo Film Co.,
Ltd. and the developer was inspected for the pH change
observed when allowing 1t to stand over one day without
processing any original plate.

(Evaluation of pH Latitude of Developer when the Sensi-
tivity 1s Changed £10%)

The resulting original plates for preparing lithographic
printing plates were 1magewise exposed to light emitted
from an FD*YAG laser (Plate Jet 4 available from CSI
Company) under the conditions of 175 lines/in at 2400 dp1
and an exposure value of 0.25 mlJ/cm®, in case of the
originals obtained using the photopolymerizable composi-
tion 1 and to light emitted from a wviolet laser (Luxel
Vx9600CTP available from Fuj1 Photo Film Co., Ltd.) under
the conditions of 175 lines/in at 2400 dpi and an exposure
value of 0.05 mJ/cm?, in case of the originals obtained using
the photopolymerizable compositions 2 and 3, respectively.
After the imagewise exposure, the imagewise exposed origi-
nal plates were washed with tap water to thus remove the
protective layers and then developed using LP-1310HII
available from Fll]l Photo Film Co., Ltd. at 30° C. for 12
seconds, while using each of the developers of Examples
and Comparative Examples. In this respect, the finisher used
herein was a 1:1 water/FP-2W (available from Fuj1 Photo

Film Co., Ltd.).

Regarding the density of the image area on each resulting
lithographic printing plate, each plate was inspected for the
cyan density using a Macbeth retflection densitometer
RD-918 and a red filter fitted to the densitometer. The
reciprocal of the exposure value required for obtaining the
measured density of 0.8 was used as an indication for the
sensitivity.

TABLE 2
Original Plate (1) for Lithographic Printing Plate

Rate of Rate of Print-
dev. of penetr. ing
Non-1mage into image  dura- pH pH
Dev. area Ability of area bility Lati- Change
No. (um/sec) dev. (nF/sec)  (x10%)  tude** (24 hrs.)
1 125 O 60 16 +0.5 0.05
2 135 O 65 16 +0.5 0.05
3 165 O 70 15 +0.55 0.05
4 165 O 70 16 +0.45 0.05
5 115 O 55 17 +0.35 0.05
6 165 O 75 15 +0.45 0.05
7 125 O 60 16 +0.35 0.05
8 105 O 65 16 +0.45 0.05
9 175 O 60 16 +0.45 0.05
10 100 O 70 16 +0.45 0.05
11 150 O 90 15 +0.45 0.05
12 175 O 60 16 +0.45 0.05
13 115 O 60 16 +0.45 0.05
14%* 85 Remaining 55 16 - 0.1
film
15% 80 Remaining 55 16 — 0.05
film
16%* 90 Remaining 60 14 — 0.05
film
17% 115 O 90 13.5 +(.2 0.05
1 8% 80 Remaining 90 14 — 0.05
film
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No.

1

9$

20%

Original Plate (1) for Lithographic Printing Plate
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TABLE 2-continued

Rate of
dev. of
Nnon-1mage
area
(um/sec)

150
15

Ability of

dev.

O
Remaining

film

*Comparative developer.
**The pH latitude of each developer observed when the sensitivity of the
original plate undergoes a change of +10%.

Dev.

No.

1

1

1
1

1

B WM~ O 00 1 O W b

%

5=I=

6-‘%‘

7=I=
83%‘

9-’%‘

20%

Original Plate (2) for Lithographic Printing Plate

Rate of
penetr.
into 1mage
area
(nF/sec)

180
45

TABLE 3

Print-
ing
dura-

bility

(x10%)

13.5
17

pH
Lati-

tude™®*

+().1
+().1

Rate of
dev. of
Nnon-1mage
area
(um/sec)

120
130
160
160
110
160
120
100
170

95
145
170
110
80

75

85

110
75

145
10

Ability of

dev.

L0000 000 000000

Remaining
film
Remaining
film
Remaining
film
O
Remaining
film
O
Remaining

film

*Comparative developer.
**The pH latitude of each developer observed when the sensitivity of the
original plate undergoes a change of +10%.

Dev.

No.

(-

O ND S0 =~ Oyt B

Original Plate (3) for Lithographic Printing Plate

Rate of
penetr.
into 1mage
area
(nF/sec)

35
60
05
05
>0
70
35
60
35
05
85
35
35
50

>0
35

85
85

175
40

TABLE 4

Print-
ing
dura-

bility

(x10H

b N b oy b B e

15

13

12.5
13

12.5
16

pH
Lati-

tude™®*

+0.435
+0.5

+0.5

+0.45
+0.35
+0.45
+0.35
+0.45
+0.45
+0.4

+0.45
+0.45
+0.45

Rate of
dev. of
NoN-1mage
area
(um/sec)

120
130
160
160
110
160
120
100
170
95

Ability of

dev.

OOOOOO0O0O0O0

Rate of
penetr.
into 1mage
area
(nF/sec)

55
60
65
65
50
70
55
60
55
65

Print-
ing
dura-

bility

(x10%)

IR R R T S o L T LN R

pH
Lati-

tude™®*

+0.45
+0.5

+0.5

+0.45
+0.35
+0.45
+0.35
+0.45
+0.45
+0.4

Change
(24 hrs.)

0.4
0.6

pH
Change
(24 hrs.)

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.1

0.05
0.05

0.05
0.05

0.4
0.6

pH
Change
(24 hrs.)

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
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TABLE 4-continued

Original Plate (3) for Lithographic Printing Plate

Rate of Rate of Print-
dev. of penetr. Ing
Non-1mage into image  dura- pH pH

Dev. area Ability of area bility Lati- Change

No. (um/sec) dev. (nF/sec)  (x10Y  tude** (24 hrs.)

11 145 O 85 14 +0.45 0.05

12 170 O 35 15 +0.45 0.05

13 110 O 55 15 +0.45 0.05

14%* 80 Remaining 50 15 - 0.1
film

15% 75 Remaining 50 15 — 0.05
film

16%* 85 Remaining 55 13 — 0.05
film

17% 110 O 85 12.5 +0.2 0.05

1 8% 75 Remaining 85 13 — 0.05
film

19% 145 O 175 12.5 +0.1 0.4

20% 10 Remaining 40 16 +0.1 0.6
film

*Comparative developer.
**The pH latitude of each developer observed when the sensitivity of the
original plate undergoes a change of +10%.

TABLE 5

Original Plate (4) for Lithographic Printing Plate

Rate of Rate of Print-
dev. of penetr. ing
Non-1mage into image  dura- pH pH
Dev. area Ability of area bility Lati- Change
No. (um/sec) dev. (nF/sec)  (x10Y)  tude** (24 hrs.)
1 125 O 60 13 +0.45 0.05
2 135 O 65 13 +0.45 0.05
3 165 O 70 12 +0.5 0.05
4 165 O 70 13 +0.45 0.05
5 115 O 35 14 +0.35 0.05
6 165 O 75 12 +0.45 0.05
7 125 O 60 13 +0.35 0.05
8 105 O 65 13 +0.45 0.05
9 175 O 60 13 +0.4 0.05
10 100 O 70 13 +0.45 0.05
11 150 O 90 12 +0.45 0.05
12 175 O 60 13 +0.45 0.05
13 115 O 60 13 +0.45 0.05
14% 85 Remaining 55 13 — 0.1
film
15% 80 Remaining 55 13 — 0.05
film
16* 90 Remaining 60 11 - 0.05
film
17% 115 O 90 10.5 +0.2 0.05
1 8% 80 Remaining 90 11 — 0.05
film
19% 150 O 180 10.5 +0.1 0.4
20% 15 Remaining 45 14 +0.1 0.6
film

*Comparative developer.
**The pH latitude of each developer observed when the sensitivity of the
original plate undergoes a change of +10%.

In the foregoing Tables 2 to 3, the open circle in the
column entitled: “Ability of dev. (ability of development)”
means that there 1s not observed any remaining film.

The results listed 1n the foregoing Tables 2 to 5 clearly
indicate that the image-forming method of the present
invention permits the achievement of a suflicient developing
ability even at a relatively low pH (8.5 to 11.5) at which the
image-forming material 1s not damaged so much and the
preparation of a printing plate having good printing dura-
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bility. Moreover, the developer undergoes only a slight
change 1n pH and therefore, the developer would cause only
a slight reduction 1n the developing activity due to the action
of carbon dioxide gas (the developers 1 to 13 listed 1n Tables
2 to 3). On the other hand, when images were formed
according to the method other than that of the present
invention, there were observed various problems such that
any suflicient developing ability cannot be ensured because
of the presence of remaining films and that the resulting
printing plate had low or msuflicient printing durability (the
comparative developers 14 to 20 listed 1n Tables 2 to 3).

What 1s claimed 1s:

1. A method for forming 1mages comprising the steps of
Imagewise exposing a negative-working image-forming
material which comprises a substrate provided thereon with
an 1mage-recording layer comprising a photopolymerization
initiator system sensitive to light rays whose wavelength
falls within the visible to ultraviolet ranges, a polymerizable
compound carrying at least one ethylenically unsaturated
group and a binder polymer and then developing the 1mage-
wise exposed i1mage-forming material with a developer
which contains at least one carbonate, at least one hydrogen
carbonate and at least one alkali silicate and which has a pH
value ranging from 9 to 13.0, wherein the ratio of the total
molar number a of the carbonate and the hydrogen carbonate
to the molar number b of the S10, component present in the
alkal1 silicate: a/b ranges from 1:0.3 to 1:2 and the total
molar number of these components: a+b ranges from 0.1 to

2 mole/L.

2. The 1mage-forming method of claim 1, wherein the
developer further comprises at least one surfactant selected
from the group consisting of anionic and nonionic surfac-
tants.

3. The image-forming method of claim 2, wherein the
anionic surfactant 1s a compound having at least one anionic
group derived from sulfonic acid or amionic group derived
from sulfuric acid monoester, and further having at least one
substituted or unsubstituted aromatic group.

4. The 1mage-forming method of claim 2, wherein the
nonionic surfactant is at least one surfactant selected from
the group consisting of nonionic aromatic ether type surfac-
tants represented by the following general formula (1):

X—Y—O

(A)n_(B )m_H ( 1 )

wherein, X represents a substituted or unsubstituted aro-
matic group, Y represents a single bond or an alkylene group
having 1 to 10 carbon atoms, A and B are different from one
another and represent either —CH,CH,O— or —CH,CH
(CH,)O—, and each of n and m represents 0 or an integer
ranging from 1 to 100, provided that n and m do not
simultaneously represent 0 and that 11 either n or m repre-
sents 0, n and m are not 1.

5. The image-forming method of claim 1, wherein the
carbonate 1s at least one member selected from the group
consisting of carbonates of inorganic alkalis and the hydro-
gen carbonate 1s at least one member selected from the group
consisting of hydrogen carbonates of morganic alkalis.

6. The image-forming method of claim 1, wherein the
carbonate 1s at least one member selected from the group
consisting of potassium carbonate, sodium carbonate and
ammonium carbonate; and the hydrogen carbonate 1s at least
one member selected from the group consisting of potassium
hydrogen carbonate, sodium hydrogen carbonate and ammo-
nium hydrogen carbonate.

7. The image-forming method of claim 1, wherein the
developer further comprises an anti-foaming agent.
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8. The image-forming method of claim 7, wherein the

anti-foaming agent 1s at least one member selected from the
group consisting of acetylene alcohols and acetylene gly-
cols.

9. The image-forming method of claim 1, wherein the
photopolymernization initiator system sensitive to light rays
having a wavelength falling within the visible to ultraviolet

ranges comprises a sensitizing dyestull whose maximum

48

absorption wavelength falls within the range of from 330 to
700 nm and a photopolymerization initiator.

10. The image-forming method of claim 9, wherein the
photopolymerization 1nitiator system comprises a titanocene
compound.

11. The image-forming method of claim 9, wherein the
photopolymerization imitiator system comprises a titanocene
compound and a triazine compound.

¥ ¥ # ¥ ¥
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